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RESEARCH  SUMMARY 

Concepts  and  processes  for  economic  analysis  of  a 
rangeland  development  project  are  discussed.  Various 
approaches  to  estimating  the  value  of  animal  unit 
months  of  grazing  use  may  be  used.  The  actual  method 
employed  will  depend  on  the  analysis  being  performed 
and  the  availability  of  economic  information.  If  the  three 
major  types  of  estimates  are  available  the  preferred  value 
would  be  from  production  studies. 

Ultimately,  analysis  results  are  to  be  used  by  forest 
supervisors,  district  managers,  range  managers,  or 
others  who  must  determine  the  use  of  and  weight  given 
to  economic  information.  Such  information  may  be  a 
critical  part  of  the  decision  or  secondary  consideration. 


to 


Evaluating  Proposed 
Improvements  of  Public 
Rangelands 


Fred  J.  Wagstaf< 


INTRODUCTION 

Those  who  manage  public  rangelands  are  showing  increased 
interest  in  formal  economic  evaluations  of  proposed  improve- 
ment projects.  First,  Federal  laws,  such  as  the  National  En- 
vironmental Policy  Act  (1%9),  National  Forest  Management 
Act  (1976),  and  Federal  Land  Policy  and  Management  Act 
(1976)  mandate  such  analyses  as  part  of  management  planning. 
Second,  the  Office  of  Management  and  Budget  (1972)  requires 
formal  evaluation  and  ranking  of  alternative  proposals.  Finally, 
severely  limited  budgets  dictate  that  rangeland  improvement 
projects  be  carefully  evaluated,  largely  in  terms  of  economic  ef- 
ficiency, and  only  those  that  are  most  efficient  be  funded. 
Although  economics  will  not  be  the  sole  criterion  for  selecting 
projects,  more  weight  is  given  this  factor  than  in  the  past. 

Both  the  U.S.  Department  of  Agriculture,  Forest  Service  and 
the  U.S.  Department  of  the  Interior,  Bureau  of  Land  Manage- 
ment are  developing  specific  guidelines  for  implementing  the  re- 
quirements broadly  stated  in  the  public  laws  (Federal  Register 
1981).  The  purpose  of  this  report,  therefore,  is  to  outline  a 
general  procedure  for  conducting  a  comprehensive  economic 
evaluation  of  proposed  improvements  and  to  review  some  basic 
principles  of  range  economics. 

OBJECTIVES  AND  CRITERIA 

Economic  analysis  should  be  used  to  provide  information  to 
be  tested  against  economic  objectives  or  decision  criteria;  for 
example,  a  specific  rate  of  return  or  level  of  net  income.  So 
doing,  one  could  see  whether  proper  amounts  of  relevant  data 
were  collected  and  included  in  the  analysis,  and  if  proper 
analytical  procedures  were  used. 

Specific  requirements  should  be  agreed  upon  by  decision- 
makers and  analysts  before  analysis  begins  so  that  only  relevant 
economic  information  will  be  generated.  For  example,  if  a  deci- 
sion criterion  states  that  only  those  projects  yielding  a  net  an- 
nual return  of  over  8  percent  will  be  considered  for  funding, 
the  analyst  should  determine  rates  of  return  for  each  project. 
Too  often  objectives  and  decision  criteria  for  both  the  planning 
and  management  of  a  rangeland  area  are  anything  but  clearly 
understood.  Broad  goals  may  be  easier  to  develop  initially,  but 
do  not  lead  to  systematically  developed  plans  specific  enough 
for  quantitative  analysis.  Unclear  decision  criteria  often  lead  to 
confusion  for  the  analyst,  the  decisionmaker,  and  the  public. 

ECONOMIC  ANALYSIS  TECHNIQUES 

When  trying  to  determine  economic  effects  of  range  projects 
through  the  application  of  proven  techniques  (Bartlett  and 
Ralphs  1978;  Young  1979),  the  analyst  must  generate  accurate 
estimates  of  the  economic  value  of  range  forage.  Numerous 
evaluation  techniques  have  been  developed  and  tested  over  the 
past  two  decades  (McCorkle  1959;  Cook  1979;  Young  1979). 


The  choice  of  technique  depends  largely  upon  how  the  analysis 
is  to  be  used  and  what  economic  information  is  needed.  For  ex- 
ample, an  analysis  of  cash  fiow  usually  differs  from  a  profit- 
loss  analysis,  and  a  benefit-cost  analysis  may  differ  from  both. 
Agency  budget  and  receipts  accounting  procedures  yield  dif- 
ferent results  than  complete  benefit-cost  analysis. 

The  Bureau  of  Land  Management  and  the  Forest  Service 
have  recently  strengthened  economic  analysis  procedures 
(Federal  Register  1981)  to  provide  concise,  logical,  and  consist- 
ent guidelines  for  treatment  of  costs  for  and  benefits  of  range 
projects.  The  lack  of  complete  accounting  for  costs  and  benefits 
causes  problems  when  ranking  proposed  projects  by  comparing 
one  to  another  because  those  left  out  may  be  important  in  one 
project  and  negligible  in  another.  If  projects  are  to  be  tested 
against  a  standard  (such  as  fixed  rate  of  return),  it  is  very  im- 
portant to  fully  measure  the  total  economic  effects  so  that  wor- 
thy projects  can  be  included  in  agency  programs. 

BASIC  CONCEPTS 

Regardless  of  the  technique  used  to  estimate  unit  values  of 
forage  and  other  range  outputs,  it  seems  reasonable  to  expect 
all  benefits  and  costs  to  be  included.  A  simple  model  would 
follow  the  form  TNB  =  Tg  -  T,^  where  TNB  =  total  net 
benefits,  Tg  =  total  benefits,  and  T,-.  =  total  costs. 

In  this  general  form  there  is  no  differentiation  between 
private  and  public  costs  and  benefits.  A  further  breakdown  of 
the  general  model  would  be  T^--  =  P^-^  +  PWT^^  where  T^-^  = 
total  project  costs,  P,-  =  public  costs,  and  PVT(^  =  private 
costs. 

The  costs  would  include  all  costs  directly  attributable  to  pro- 
ducing and  using  the  new  forage.  Benefits  could,  likewise,  be 
looked  at  as  a  composite  of  the  public  and  private  sectors. 

Rangeland  managers  need  to  consider  all  relevant  costs  and 
benefits.  Public  land  managers  can  properly  base  decisions  on  a 
broader  spectrum  of  costs  and  benefits  than  the  private  land- 
owners, whose  main  criteria  are  net  profits  or  cash  flows  from 
livestock  sales.  The  values  of  watershed  protection,  wildlife, 
and  other  public  values  not  fully  measured  in  market  terms 
have  greater  relevance  to  public  managers  as  decision  criteria. 

To  provide  a  basic  comparison,  the  future  situation  for  con- 
ditions "with"  and  "without"  the  proposal  should  be 
estimated.  In  other  words,  the  costs  and  benefits  for  the  ex- 
pected life  of  the  proposal  should  be  estimated.  For  example,  if 
the  future  held  a  substantial  reduction  in  grazing  without  the 
development,  and  the  development  scenario  maintained  current 
livestock  numbers,  the  difference  would  be  the  effect  attri- 
butable to  the  project.  Put  in  simple  arithmetical  form:  Net 
Project  AUMs  =  W  -  WO,  where  W  =  with  project,  WO  = 
without  project,  and  AUM  =  animal  unit  month. 

This  comparison  of  the  project  to  doing  nothing  is  only  one 
comparison  that  needs  to  be  made  before  one  can  be  certain 


the  project  or  design  is  the  best.  Best  is  defined  as  the  project 
which  would  yield  the  largest  level  of  net  benefits  (TNB  or 

Tb-Tc)- 

In  considering  future  benefits  and  costs,  the  problem  in- 
volved with  differing  time  frames  must  be  taken  into  account. 
Many  projects  involve  expenditures  of  funds  for  treatments  and 
facilities  at  the  beginning  and  do  not  show  benefits  for  a  period 
of  years.  This  situation  is  commonly  solved  by  use  of  a  pro- 
cedure called  discounting  where  future  values  are  reduced  to 
show  time  preference.  In  short,  future  values  are  not  given  full 
par  value  with  current  values. 

To  make  discounting  possible  an  interest  rate  or  discount 
rate  reflecting  the  preference  for  current  values  over  future  ones 
must  be  selected.  Public  agencies  use  rates  prescribed  by  the 
Water  Resource  Council  or  the  Office  of  Management  and 
Budget.  Currently  these  rates  are  less  than  private  money 
market  rates.  Analysts  for  the  public  agencies  are  not  free  to 
choose  interest  rates  and  are  directed  to  apply  the  prescribed 
rate  to  all  projects.  This  procedure  leads  to  some  degree  of 
consistency  so  that  project  ranking  can  be  accomplished. 

Because  a  primary  purpose  of  range  development  programs  is 
to  produce  livestock  forage,  determining  the  value  of  forage  is 
a  critical  element.  There  are  numerous  variations  of  three  main 
methods  for  estimating  forage  value  (Roberts  and  Wennergren 
1%3;  Bartlett  and  Ralphs  1978).  Studies  using  these  methods 
could  be  grouped  under  the  following  categories:  ( 1 )  com- 
parisons with  market-priced  forages  and  feed  sources,  (2) 
capitalization  of  permit  values,  and  (3)  production  analysis. 
Each  of  the  methods  makes  different  assumptions  and  has  dif- 
ferent data  requirements.  All  approaches  are  theoretically  com- 
patible and  should  yield  similar  results  if  accurate  data  are 
available  and  the  inherent  assumptions  are  met. 

Some  authorities  have  argued  for  using  grazing  fees  as  the 
proxy  for  project  benefits.  This  would  be  consistent  with 
economic  principles  if  the  fee  truly  represented  the  net 
economic  benefit  or  value  of  the  forage  to  society.  For  public 
land  grazing,  the  existence  of  the  permit  value  substantiates  the 
argument  that  Federal  grazing  fees  do  not  generally  represent 
the  marginal  value  product  of  the  forage  (Gardner  1%2; 
Roberts  1%3;  Martin  and  Jefferies  1%5;  Nielson  and  Roberts 
1%8).  Using  the  fee  as  the  net  value  of  the  forage  would 
underestimate  its  value  to  the  range  user  and  the  general 
economy  (Andrus  and  Berglund  1977). 

Where  public  rangeland  projects  are  being  analyzed,  the 
most  logical  approach  would  appear  to  be  counting  all  direct 
benefits  and  costs  regardless  of  fee  structures,  which  are  based 
on  noneconomic  factors.  This  also  needs  to  be  done  in- 
dependently of  agency  budgeting  and  accounting  guides,  which 
preclude  certain  values  (Byington  and  Child  1979).  Not  in- 
cluding some  values  for  either  the  costs  or  benefits  will  result  in 
bia.sed  conclusions. 

Direct  market  comparisons  are  widely  used  to  estimate  unit 
values  of  goods  where  a  market  exists.  Range  forage  is  ex- 
changed between  individuals,  so  the  primary  criterion  for  a 
market  is  satisfied.  Forage  markets  are  largely  local  and  infor- 
mal, but  one  can  usually  determine  the  exchange  prices  for 
forage  in  a  local  area  (Andrus  and  Berglund  1977).  The  values 
for  rangeland  use  thus  derived  generally  include  items  other 
than  the  forage,  such  as  water,  salt  or  minerals,  herding,  and 
fence  maintenance.  Those  nonforage  items  need  to  be  sub- 
tracted from  the  lease  amount  so  that  comparisons  include  only 
the  forage.  To  be  most  accurate  the  ranges  should  be  as  similar 


as  possible  in  terms  of  topography,  forage,  water,  season  of 
use,  and  location.  The  market  comparison  approach  has  the 
advantage  of  using  current  information  about  what  actually 
transpires  between  range  forage  buyers  and  sellers.  It  rests  on 
the  concept  that  all  units  of  a  product  should  have  an  equal 
market  price  under  competitive  market  conditions.  Therefore, 
additional  units  of  a  given  type  of  forage  could  be  expected  to 
have  a  value  equal  to  those  traded  in  the  market. 

Another  economic  principle  of  competitive  markets  is  that 
substitutes  should  be  of  equal  value.  For  example,  high  quality 
range  forage  and  harvested  roughage  or  irrigated  pasture  are 
technical  substitutes  for  livestock  production.  There  have  been 
several  attempts  to  place  a  value  on  range  forage  by  comparing 
the  values  of  substitutes.  Various  substitute  feeds  such  as  hay, 
concentrates,  and  field  aftermath  have  been  used  in  numerous 
studies  (Roberts  and  Wennergren  I%3).  The  problem  with  this 
approach  is  determining  whether  these  actually  are  economic 
substitutes  for  range  forage  (Bartlett  and  Ralphs  1978).  Is  the 
substitute  feed  physically  available  and  would  it  be  technically 
possible  to  use  it  to  substitute  for  range  forage  on  a  sustained 
basis?  Feeding  concentrates  may  make  a  good  deal  of  sense 
during  an  unusually  stormy  period,  but  be  entirely  prohibitive 
as  a  standard  procedure  every  year.  Nevertheless,  this  approach 
can  be  used  to  give  estimates  of  range  forage  values. 

An  almost  hmitless  variety  of  ranch  budgeting  techniques 
have  been  used  to  estimate  forage  values  (Roberts  and  Gee 
1%3;  Nielson  1977;  Gee  1981).  Methods  range  from  complex 
computerized  models  of  entire  operations  to  partial  budgets 
using  a  few  factors.  Budgeting  relies  on  accurate  assignment  of 
costs  and  returns  to  the  factors  of  production.  The  major 
assumption  of  the  budget  method  is  the  idea  of  obtaining  a 
residual  value  where  all  factors  other  than  one  (forage  in  our 
case)  have  received  their  proper  allocation  of  revenue.  Any 
residual  of  revenue  is  then  attributed  to  the  forage  and  is  used 
as  an  estimate  of  its  value. 

The  budget  approach  can  use  actual  data  from  rancher's 
records  or  synthetic  data  generated  for  a  typical  or  model  ranch 
or  data  from  secondary  sources.  Each  of  the  three  methods 
would  yield  a  similar  value  if  perfect  data  were  available  and  all 
assumptions  met.  In  practice,  there  are  differences  and  the 
choice  of  which  value  to  use  has  not  been  consistent. 

ESTIMATING  PROJECT  COSTS 

Beginning  with  the  cost  side  of  the  ledger,  one  would  want  to 
determine  the  cost  for  various  project  purposes.  There  would 
be  investment  costs  for  installation  of  the  project,  nonuse  costs, 
maintenance  costs,  and  yearly  operational  costs.  These  costs 
may  be  a  mixture  of  public  and  private  or  all  one  or  the  other. 

There  is  a  question  as  to  whether  planning  costs  should  be 
included  as  project  costs.  A  reasonable  approach  seems  to  be 
inclusion  of  those  design  and  layout  costs  incurred  after  a  deci- 
sion to  proceed  with  project  planning  has  been  made  and  which 
would  not  be  incurted  if  the  project  were  dropped.  General  in- 
ventory and  program  level  planning  costs  seem  more  appro- 
priately to  be  part  of  the  general  overhead. 

Initial  investment  must  consider  opportunity  costs,  which  is 
the  value  of  net  returns  foregone  from  the  best  alternative 
precluded  by  the  project.  For  example,  trees  might  be  burned 
to  increase  forage  production.  If  burned,  the  trees  obviously 
cannot  be  used  for  fuelwood.  If  the  rate  of  return  from  the  in- 
creased forage  produced  by  burning  is  less  than  the  rate  of 
return  from  fuelwood,  net  benefits  would  be  increased  by  using 


trees  for  fuelwood.  The  concept  of  opportunity  costs  sets  the 
lower  boundary  that  project  benefits  must  exceed  to  be  feasible 
(Lloyd  and  Cook  1960).  If  the  proposal  does  not  yield  a  rate  of 
return  that  exceeds  that  of  an  alternative  use  of  the  funds,  the 
proposal  should  not  be  chosen  from  a  purely  economic  effi- 
ciency viewpoint  because  superior  economic  returns  are 
available  elsewhere. 

To  use  additional  forage,  additional  expenditures  for  produc- 
tion items  directly  related  to  the  project,  such  as  herding,  fence 
maintenance,  salting  winter  feed,  and  medicine  may  be  needed. 
Also,  the  level  of  capital  investment  and  total  operation  costs 
may  be  increased  if  the  scale  of  operation  is  changed  (Nielson 
and  Hinkley  1975).  These  costs  are  often  overlooked  in  analysis 
of  range  projects,  thus  understating  the  total  costs.  To  the 
rancher,  these  costs  are  very  important  because  they  affect 
ranch  income  and  may  also  have  an  impact  on  the  ranch's 
financial  condition. 

ESTIMATING  PROJECT  BENEFITS 

Like  costs,  rangeland  development  benefits  come  in  various 
forms,  varying  from  increased  forage  to  greater  watershed 
stability.  It  seems  logical  to  count  all  project  benefits  regardless 
of  location  or  who  receives  them  and  irrespective  of  whether  a 
user  fee  is  charged. 

Because  all  rangeland  areas  are  also  used  for  purposes  other 
than  livestock  grazing,  it  is  important  to  recognize  these  uses 
when  formulating  plans.  Very  often  range  development  projects 
will  be  changed  from  the  alternative  that  maximizes  livestock 
use  of  forage  to  accommodate  other  uses. 

Many  rangeland  goods  or  products  are  not  traded  in  formal 
markets  and  are  difficult  to  evaluate  in  economic  terms. 
Economists  have  struggled  with  placing  values  on  nonmarket 
items  for  decades  and  have  not  developed  entirely  suitable 
methods.  Perhaps  the  best  that  can  be  done  is  to  quantify  these 
project  effects  in  terms  of  species,  numbers,  cost  per  unit,  or 
other  terms.  This  would  make  comparisons  among  alternatives, 
including  foregoing  the  project,  meaningful  enough  to  reveal 
physical  and  economic  differences. 

For  purposes  of  developing  a  realistic  model  for  economic 
analysis,  all  uses  and  outputs  for  a  rangeland  area  need  to  be 
included.  It  is  expected  that  some  uses  on  some  areas  will  be  in- 
significant or  small  enough  to  preclude  accurate  measure.  In 
such  cases,  the  magnitude  should  be  noted  so  a  record  of  con- 
sideration and  reasons  for  noninclusion  is  made. 

SUGGESTED  EVALUATION  CHECKLIST 

A.  General 

1.  Goals  and  specific  management  objectives  for  planning 
and  management 

2.  Economic  decision  criteria  to  be  used  in  selecting  pro- 
posed alternatives 

B.  Range  livestock 

1 .  Class  of  livestock 

2.  Season  of  use 

3.  Integration  of  project  forage  into  total  livestock 
operation 

4.  Value  of  forage  (by  one  or  more  methods) 

5.  Project  costs  (public  and  private) 

a.  Development 

b.  Maintenance 

c.  Management 

6.  Secondary  economic  impacts  due  to  increased  ranch  in- 
come and  project  induced  spending 


C.  Wildlife 

1.  Kinds  impacted  by  project 

2.  Population  changes  due  to  project 

3.  Uses  of  wildlife  populations 

a.  Consumptive 

b.  Nonconsumptive 

4.  Wildlife-related  project  costs 

a.  Direct 

b.  Associated 

D.  Watershed 

1.  Water  yield 

2.  Time  of  release 

3.  Quality  changes 

4.  Use  made  of  water 

5.  Unit  values 
a.    Benefits 

6.  Watershed  costs 

a.  Direct 

b.  Associated  (costs  associated  with  water  use;  treat- 
ment, conveyance,  etc.) 

E.  Recreation 

1 .  Type  of  use 

2.  Level  of  use 

3.  Cost 

a.  Direct 

b.  Associated 

F.  Timber  or  fuelwood 

1.  Type  of  product 

2.  Unit  value 

3.  Change  in  quantity  related  to  project 

4.  Costs 

a.  Direct 

b.  Associated 

G.  Miscellaneous  land  uses 

1 .  Type  of  use 

2.  Value  of  use 


SUMMARY 

The  preceding  discussion  outlines  concepts  and  processes  for 
economic  analysis  of  a  rangeland  development  project.  Various 
approaches  to  estimating  the  value  of  AUM's  may  be  used. 
The  actual  method  employed  will  depend  on  the  analysis  being 
performed  and  the  availability  of  economic  information.  If  all 
three  types  are  available  the  preferred  value  would  be  those 
from  production  studies. 

Ultimately,  analysis  results  are  to  be  used  by  forest  super- 
visors, district  managers,  ranch  managers,  or  others  who  must 
determine  the  use  of  and  weight  given  to  economic  informa- 
tion. Such  information  may  be  a  critical  part  of  the  decision  or 
secondary  consideration. 
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PREFACE 

Revegetation  is  perhaps  the  most  efficient  and  practical 
means  of  returning  lands  disturbed  by  surface  mining  to  a 
productive  capability.  The  challenge  now,  in  the  face  of 
expanding  energy  concerns,  is  to  assure  that  revegetation 
techniques  adequately  provide  the  site  protection  stand- 
ards and  other  requirements  imposed  by  society.  Unfortu- 
nately, methods  for  assessing  the  success  of  revegetation 
are  not  well  defined,  nor  are  uniform  standards  available 
by  which  that  success  can  be  achieved.  Normally,  the 
relative  success  of  revegetation  is  judged  on  the  basis  of 
a  comparison  of  various  attributes  of  vegetation  with  a 
reference  area.  However,  complete  standardization  of 
methods  of  sampling  vegetation  is  not  available,  and 
probably  is  not  desirable,  because  no  single  method  can 
satisfy  all  objectives. 

This  handbook  is  intended  to  provide  an  introduction  to 
some  of  the  major  vegetation  sampling  methods  that  have 
t)een  found  useful  for  evaluating  revegetation  success. 
The  characteristics  of  cover,  production,  density,  and 
species  diversity  are  the  most  useful  for  this  purpose,  and 
are  discussed  in  some  detail  as  they  relate  to  revegetation 
of  improved  pastures,  grazing  lands,  and  woodlands.  In 
addition,  the  problems  and  limitations  of  vegetation 
sampling  are  treated  in  terms  of  general  vegetation  types 
the  sampler  or  inspector  is  likely  to  encounter.  No  pretext 
is  made  of  providing  an  exhaustive  treatment  of  the  sutv 
ject  of  vegetation  sampling.  However,  selected  references 
are  included  and  should  prove  to  be  helpful  in  various 
circumstances.  This  handtx)ok  should  be  useful  for  tx)th 
the  seasoned  professional  and  the  novice  field  worker.  It 
was  originally  prepared  for  the  specific  use  of  Region  IV 
of  the  Office  of  Surface  Mining,  but  has  since  been 
expanded  and  should  be  of  use  to  all  personnel  interested 
in  evaluating  revegetation  success  on  mined  lands. 


RESEARCH  SUMMARY 

This  handbook  outlines  methods  of  sampling  vegeta- 
tion for  the  comparison  of  revegetated  mined  lands  and 
reference  areas  as  specified  by  Federal  regulations  im- 
plementing the  Surface  Mining  Control  and  Reclamation 
Act  of  1977.  The  various  components  of  vegetation  sam- 
pling are  discussed  in  detail;  however,  only  those 
methods  proven  to  have  a  high  degree  of  accuracy  and 
precision  are  included.  Selection  of  reference  areas  and 
sampling  schemes  are  covered  in  addition  to  production, 
cover,  and  density  sampling  methodology.  A  viable 
method  of  comparing  species  diversity  of  revegetated 
and  reference  areas  is  presented.  A  statistical  section 
outlines  sample  size  determination  and  comparison  of 
reference  and  revegetated  areas  using  confidence  limit 
estimates. 


GUIDE  FOR  THE  USE  OF 
THIS  HANDBOOK 


I.  Become  acquainted  with  the  laws  and  regulations. 

A.  The  Surface  Mining  Control  and  Reclamation 
Act  of  1977  established  the  basic  criteria  for 
evaluating  mined  land  revegetation  efforts. 

B.  The  regulations  implementing  this  criteria  are 
found  in  the  Federal  Register  Vol.  44,  No.  50  - 
Tuesday,  March  13, 1979. 

II.  Develop  a  scheme  for  classifying  and  mapping 
vegetation  and  for  selecting  reference  areas  and 
sample  sites. 
A.  The  vegetation  classification  scheme  selected 

must  adhere  to  established  terminology  and 

methods. 

1.  Range  sites  correlate  soil  and  climax  vegeta- 
tion and  are  used  to  describe  premine  refer- 
ence areas. 

2.  Habitat  types  are  based  primarily  on  climax 
vegetation  and  secondarily  on  environmental 
characteristics  and  are  used  to  describe  pre- 
mine and  reference  areas. 

3.  Community  types  are  determined  according 
to  current  vegetation  and  also  describe  pre- 
mine and  reference  areas. 

4.  Response  units  are  based  upon  similar  topo- 
graphic features,  soil  texture  and  depth,  and 
vegetation,  and  are  used  to  describe  crop- 
lands, improved  pastures,  and  reclaimed  min- 
ing lands. 

8.   Review  the  land  use  terms  and  the  definitions 
presented  by  the  GSM  (Office  of  Surface 
Mining). 

C.  Know  the  criteria  for  the  selection  of  valid 
reference  areas. 

D.  Map  the  vegetation  of  the  premine  and  reference 
area  using  the  applicable  classification  scheme. 
Map  revegetated  areas  as  response  units. 

E.  Select  sample  sites  that  are  homogeneous  and 
representative  of  the  area  being  sampled. 

III.  Understand  the  concepts  of  vegetation  sampling. 

A.  A  random  sampling  scheme  is  necessary  to 
obtain  a  valid  estimate  of  the  variance.  Simple 
random  sampling  or  systematic  sampling  with 
multiple  random  starts  or  random  quadrat  place- 
ment may  be  used. 

B.  The  quadrat  size  and  shape  will  depend  upon 
the  type  of  vegetation  being  sampled. 

C.  Sampling  is  timed  to  coincide  with  the  max- 
imum obtainable  production  value  for  current 
year's  growth. 

IV.  Understand  the  production  concepts  and  definitions 
used  in  this  handbook.  Production  must  be  sampled 
on  all  revegetated  and  reference  areas.  The 
methods  presented  here  are  to  be  used  unless  pro- 
duction is  to  be  compared  to  a  standard.  The 
methods  used  are  then  those  used  in  establishing 
the  standard. 


A.  The  harvest  method  is  the  most  accurate 
method.  It  harvests  total  production  from  each 
quadrat  and  should  be  used  during  the  year  pre- 
ceding bond  release. 

B.  The  weight-estimate  method  requires  both  esti- 
mation and  harvesting  and  may  be  used  in  all 
years  except  the  one  immediately  preceding 
bond  release. 

C.  When  grazing  (utilization)  has  occurred  before 
sampling,  the  amount  of  grazing  (use)  must  be 
determined  and  production  must  be  adjusted 
back  to  total  production. 

1.  The  height-weight  method  for  grasses  allows 
estimation  of  use  based  upon  the  nonlinear 
relationship  in  grass  plants  of  height  to 
weight. 

2.  The  amount  utilization  on  shrub  plants  is 
extremely  difficult  to  estimate.  Rough  esti- 
mates may  be  obtained  using  the  relationship 
of  twig  length  or  diameter  to  twig  weight. 

V.  Become  acquainted  with  cover  sampling  concepts. 
Cover  must  be  determined  on  all  revegetated  refer- 
ence areas  using  one  or  more  of  the  following 
methods.  If  cover  is  to  be  compared  to  a  standard, 
the  methods  used  in  determining  the  standard  must 
be  used. 

A.  The  point-quadrat  method  uses  a  point  frame 
and  is  best  suited  to  herbaceous  vegetation 
below  3  ft  (0.9  m)  in  height. 

B.  The  line-intercept  method  allows  measurement 
of  aerial  cover  of  plants  along  a  tape  measure 
and  is  most  accurate  with  grasses  or  shrubs 
with  rounded  canopies. 

C.  The  35mm  slide  method  involves  photographing 
sample  quadrats  in  the  field  and  determining 
percent  cover  from  the  developed  slide. 

D.  Bitterlich's  variable-radius  method  is  used  for 
sampling  basal  area  and  density  of  trees.  Trees 
are  tallied  using  an  angle  gage,  optical  wedge, 
or  prism,  and  the  probability  of  tallying  any  tree 
is  proportional  to  its  stem  basal  area. 

VI.  Assess  density  or  stocking  rate  on  revegetated 
areas  that  have  been  planted  with  shrubs  or  trees. 

A.  Bitterlich's  variable-radius  method  is  used  for 
sampling  tree  density,  but  is  not  well  suited  for 
small  trees. 

B.  The  density-quadrat  method  for  shrubs  and  trees 
requires  a  total  count  of  all  shrubs  and  trees 
within  the  quadrat  and  may  be  used  on  any  size 
class. 

VII.  Understand  the  concepts  of  species  diversity  and 
know  the  important  criteria  for  evaluating  each  sam- 
pling situation.  Species  diversity  will  be  determined 
primarily  only  for  wildlife  habitat  areas.  The  diver- 
sity of  the  revegetated  area  will  usually  be  com- 
pared to  that  of  a  reference  area  using  cover  or  pro- 
duction data  collected  according  to  the  methods 
previously  described. 

A.  Shannon's  Diversity  Index  provides  independent 
measurements  of  species  diversity  for  a  revege- 
tated area  and  its  reference  area  based  upon 


both  numbers  of  species  and  the  evenness  of 
the  distribution  of  individuals  among  species.  Its 
validity  in  the  comparison  of  reference  and  re- 
vegetated  areas  is  questionable,  and  it  is  recom- 
mended that  it  not  be  used. 

B.  Spearman's  Rank  Order  Correlation  Coefficient 
allows  a  direct  comparison  between  a  reference 
and  a  revegetated  area  of  the  apportionment  of 
individual  species  or  life  forms.  However,  it  can 
only  be  used  under  the  constraints  described  in 
the  text. 

C.  Modifications  of  Sorensen's  Similarity  Index  and 
Spatz'  Index  yield  a  single  comparison  of  both 
the  numbers  of  species  and  the  evenness  of  the 
distribution  of  individuals  among  species  for  a 
revegetated  area  and  its  reference  area.  They  ap- 
pear to  be  the  most  widely  applicable  measures 
of  diversity  for  this  sampling  situation. 

D.  The  choice  of  a  similarity  index  must  ultimately 
be  based  upon  the  objectives  of  the  investigator. 

E.  Importance  values  reflect  a  species'  overall  con- 
tribution to  a  community  (that  is  production  or 
cover)  and  are  used  in  the  calculation  of  diver- 
sity indices  and  tests.  Their  selection  is  dis- 
cussed in  the  text. 

VIII.  Know  the  statistical  requirements  stated  in  the 
regulations. 

A.  A  two-stage  sampling  procedure  will  be  used  to 
insure  that  the  required  number  of  sample  ob- 
servations have  been  taken  for  each  production, 
cover,  and  density  sample. 

B.  A  confidence-limit  estimate  must  be  calculated 
to  determine  if  the  revegetated  area  has  90  per- 
cent or  more  of  the  production  or  cover  of  the 
reference  with  the  specified  level  of  confidence. 

C.  The  confidence-limit  estimate  will  tell  the  in- 
vestigator how  many  units  (lb/acre  or  kg/ha)  the 
revegetated  area  has  exceeded  or  fallen  below 
the  requirements  stated  in  the  regulations. 

D.  The  possibility  of  errors  in  data  collection  and 
analysis  should  be  considered  when  the  statis- 
tical tests  show  that  the  revegetated  area  has 
not  achieved  90  percent  or  more  of  the  produc- 
tion or  cover  of  the  reference  area. 
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Methods  for  Vegetation 
Sampling  and  Analysis  on 
Revegetated  Mined  Lands 


Jeanne  C.  Chambers 
Ray  W.  Brown 


INTRODUCTION:  LAWS  AND 
REGULATIONS 

The  Surface  Mining  Control  and  Reclamation  Act  of  1977, 
Public  Law  95-87,  established  the  basic  criteria  for  evaluating 
successful  mine  revegetation.  The  act  states  that  before  a  min- 
ing permit  will  be  issued,  a  reclamation  plan  will  be  filed  that 
includes  a  statement  of: 

the  productivity  of  the  land  prior  to  mining,  including 
appropriate  classification  as  prime  farm  lands,  as  well 
as  the  average  yield  of  food,  fiber,  forage,  or  wood 
products  from  such  lands  obtained  under  high  levels  of 
management  (Sec.  508. (a)(2)(c)). 
The  environmental  protection  performance  standards  of  the  act 
state  that  the  affected  land  will  be  restored  "to  a  condition 
capable  of  supporting  the  uses  which  it  was  capable  of  support- 
ing prior  to  any  mining,  or  to  higher  or  better  uses  of  which 
there  is  reasonable  likelihood"  (Sec.  5 15. (a)(2)).  On  all  affected 
lands  there  will  be  established: 

a  diverse,  effective  and  permanent  vegetative  cover  of 
the  same  seasonal  variety  native  to  the  area  of  land  to 
be  affected  and  capable  of  self-regeneration  and  plant 
succession  at  least  equal  in  extent  of  cover  to  the 
natural  vegetation  of  the  area,  except  that  introduced 
species  may  be  used  in  the  revegetation  process  where 
desirable  and  necessary  to  achieve  the  approved  post- 
mining  land  use  plan.  (Sec.  515.  (b)(19)). 
The  act  mandates  the  description  of  the  vegetation  commu- 
nity prior  to  mining  and  after  reclamation  in  order  to  evaluate 
revegetation  success.  Specifically,  the  act  and  subsequent  inter- 
pretations require  the  measurement  and  analysis  of  cover,  pro- 
duction, and  diversity.  The  specifications  for  assessing  revegeta- 
tion success  are  found  in  the  Rules  and  Regulations  published 
in  the  Federal  Register  Vol.  44,  No.  50  -  Tuesday,  March  13, 
1979.  Appends  I  of  this  handbook  contains  a  complete  copy 
of  those  sections  pertaining  to  revegetation.  Those  sections  per- 
tinent to  this  handbook  are  as  follows: 

1.  The  ground  cover  and  productivity  of  the  revegetated  area 
will  be  at  least  90  percent  of  that  of  the  reference  area,  with  90 
percent  statistical  confidence  or  with  80  percent  statistical  con- 
fidence on  shrublands. 

2.  If  revegetation  standards  specified  by  a  technical  guide 
have  been  approved  pursuant  to  30  CFR  816.116  (b)(1),  then 
ground  cover  and  productivity  must  be  at  least  90  percent  of 
those  standards. 


3.  Vegetation  cover  on  areas  developed  for  fish  and  wildlife 
management  or  forest  land  will  be  at  least  70  percent  of  that  of 
the  reference  area,  with  90  percent  confidence. 

4.  Areas  revegetated  by  trees  or  shrubs  will  have  a  minimum 
stocking  of  450  trees  or  shrubs  per  acre  (1  125/ha). 

5.  Permit  areas  40  acres  (16  ha)  or  less  in  size  receiving  26 
inches  (66  cm)  or  more  of  annual  precipitation  will  sustain  an 
herbaceous  vegetative  ground  cover  of  70  percent  for  5  full 
consecutive  years  and  400  woody  plants  per  acre  (988/ha)  after 
5  years.  On  steep  slopes  (greater  than  20  percent),  the  minimum 
number  of  woody  plants  will  be  600  per  acre  (1  500/ha). 

Information  on  specific  situations  is  in  the  Rules  and  Regula- 
tions (appendix  I).  Since  the  act  states  that  the  rules  and  regula- 
tions of  individual  States  must  equal  or  exceed  those  of  the 
Federal  Government,  it  will  also  be  necessary  to  become  famil- 
iar with  the  rules  and  regulations  of  the  State  of  interest. 

ELEMENTS  OF  DELINEATING 
REFERENCE  AND  REVEGETATED 
SAMPLE  SITES 

Vegetation  Classification 

A  thorough  understanding  of  vegetation  type  concepts  is  im- 
perative for  implementing  good  sampling  techniques.  The 
delineation  of  sampling  units  should  be  dependent  upon  the 
classification  of  vegetation  types,  and  it  is  important  that  a 
classification  be  chosen  that  meets  the  specific  sampling  situa- 
tion. The  most  frequently  used  classifications  will  be  defined 
here,  along  with  a  discussion  of  when  they  should  be  used. 

"Vegetation  type"  is  a  general  term  that  refers,  simply,  to  a 
plant  community  with  distinguishable  characteristics.  In  map- 
ping vegetation  or  delineating  sampling  units,  more  refined  con- 
cepts of  vegetation  communities  are  generally  required.  "Range 
site"  and  "habitat  type"  are  two  closely  related  terms  that  have 
widespread  applicability  for  classifying  vegetation  communities. 
A  range  site,  as  defined  in  the  Society  for  Range  Management 
(SRM)  Glossary  of  Terms  (1974),  is  "a  distinctive  kind  of 
rangeland,  which  in  the  absence  of  abnormal  disturbance  and 
physical  site  deterioration,  has  the  potential  to  support  a  native 
plant  community  typified  by  an  association  of  species  different 
from  that  of  other  sites.  This  differentiation  is  based  upon  sig- 
nificant differences  in  kind  or  proportion  of  species  or  total 
productivity."  The  U.S.  Department  of  Agriculture's  Soil  Con- 
servation Service  (SCS)  and  other  agencies  (such  as  the  Depart- 
ment of  the  Interior's  Bureau  of  Land  Management,  State 


agencies,  universities)  have  determined  the  major  range  sites  for 
those  States  having  large  areas  of  rangeland.  The  information  is 
available  in  the  form  of  "range  site  descriptions"  that  give  the 
major  soil  type,  precipitation  zone,  and  potential  vegetation  of 
the  site,  as  well  as  a  range  in  species  composition  at  potential 
and  a  range  in  production.  The  range  site  concept  is  useful 
even  in  those  areas  that  do  not  have  range  site  descriptions 
available;  a  complete  explanation  of  their  use  can  be  found  in 
section  302of  theSCS  National  Range  Handbook  (1976).  In 
addition,  a  classical  discussion  of  range  site  concepts  is  avail- 
able in  Dyksterhuis(1949).  (A  complete  listing  of  the  SCS  State 
offices  for  OSM  Region  IV  is  provided  in  appendix  II.) 

Steele  and  others  (1979)  have  presented  this  version  of  the 
classic  Daubenmire  definition  of  a  habitat  type: 

A  habitat  type  is  all  the  land  capable  of  producing 
similar  plant  communities  at  climax.  The  climax  plant 
community,  since  it  is  the  end  result  of  plant  succes- 
sion, reflects  the  most  meaningful  integration  of  the  en- 
vironmental factors  affecting  vegetation.  Each  habitat 
type  represents  a  relatively  narrow  segment  of  environ- 
mental variation  that  is  delineated  by  a  certain  potential 
for  vegetative  development.  Although  one  habitat  type 
may  support  a  variety  of  disturbance-induced  or  serai 
plant  communities,  the  ultimate  product  of  vegetative 
succession  anywhere  within  one  habitat  type  will  be 
similar  climax  communities.  Thus,  the  habitat  type 
system  is  a  method  of  site  classification  that  uses  the 
plant  community  as  an  integrated  indicator  of  en- 
vironmental factors.  These  factors  affect  species 
reproduction,  competition,  and  plant  community 
development. 

The  climax  community  type,  or  association,  provides 
a  logical  name  for  the  habitat  type,  for  example 
Pseudotsuga  menziesii/Calamagrostis  albescens.  The 
first  part  of  this  name  is  based  on  the  climax  tree 
species,  usually  the  most  shade  tolerant  tree  species 
adapted  to  the  site.  This  level  of  stratification  is  called 
the  series  and  encompasses  all  habitat  types  having  the 
same  dominant  or  characteristic  undergrowth  species  in 
the  climax  community. 
The  concepts  of  range  sites  and  habitat  types  are  very  closely 
related.  Historically,  range  site  concepts  have  been  most  often 
used  to  describe  rangeland  and  grazing  land,  while  habitat  types 
have  been  used  to  classify  forests  and  woodland.  Range  site 
classification  has  placed  a  greater  emphasis,  perhaps,  on  corre- 
lating soil  and  vegetation  characteristics,  while  habitat  type  clas- 
sification has  dealt  primarily  with  those  characteristics  inherent 
in  the  vegetation  association,  and  secondarily  with  environ- 
mental characteristics.  Both  methods  are  valuable  for  the  clas- 
sification and  mapping  of  vegetation. 

Both  range  sites  and  habitat  types  describe  vegetation  com- 
munities in  terms  of  their  capability  to  produce  a  climax  or 
potential  vegetation  community.  They  should  be  used  to 
describe  premining  areas  and  natural  reference  areas  that  fit 
into  the  categories  of  woodland,  grazing  land,  or  rangeland. 
(Definitions  for  these  categories  are  given  later  in  this  section.) 

"Community  type"  is  a  term  used  to  describe  a  vegetation 
community  on  the  basis  of  its  current  vegetation.  A  community 
type  has  certain  diagnostic  climatic  and  edaphic  features,  but 
the  successional  status  and  climax  vegetation  of  a  community 
type  are  unknown.  This  term  has  the  same  uses  as  a  range  site 
or  habitat  type. 


A  delineation  that  describes  most  reclaimed  mining  areas  is 
the  "response  unit."  The  climax  vegetation  of  a  response  unit 
is  unknown.  A  response  unit  is  an  area  of  land  with  similar 
topographic  features,  soil  texture  and  depth,  and  vegetation. 
Response  units  can  be  compared  by  their  capability  to  produce 
similar  amounts  and  kinds  of  agricultural  crops  and  pasture 
plants  and  to  respond  in  a  similar  manner  to  various  manage- 
ment techniques.  Croplands  and  improved  pastures,  as  well  as 
revegetated  mining  land,  can  be  accurately  described  as  re- 
sponse units. 

Land  Use  Terms 

For  the  purposes  of  this  handbook,  it  is  necessary  to  clarify 
some  definitions.  These  definitions  are  presented  in  the  perma- 
nent regulatory  program  for  surface  coal  mining  and  reclama- 
tion operations. 

"Cropland"  means  land  used  for  the  production  of  adapted 
crops  for  harvest,  alone  or  in  a  rotation  with  grasses  and 
legumes,  and  includes  row  crops,  small  grain  crops,  hay  crops, 
nursery  crops,  and  orchard  crops.  Land  used  for  facilities  in 
support  of  cropland  farming  operations  and  which  is  adjacent 
to  or  an  integral  part  of  these  operations  is  also  included. 

"Improved  pastureland  or  land  occasionally  cut  for  hay"  is 
land  used  primarily  for  the  long-term  production  of  adapted 
domesticated  forage  plants  to  be  grazed  by  livestock  or  occa- 
sionally cut  and  cured  for  livestock  feed.  Land  used  for  facil- 
ities in  support  of  such  use  and  which  is  adjacent  to  or  an  inte- 
gral part  of  these  operations  is  also  included. 

"Grazing  land"  includes  both  grasslands  and  forest  lands 
where  the  indigenous  vegetation  is  actively  managed  for  graz- 
ing, browsing,  or  occasional  hay  production.  Land  used  for 
facilities  in  support  of  ranching  operations  and  which  are  adja- 
cent to  or  an  integral  part  of  these  operations  is  also  included. 

"Rangeland"  means  land  on  which  the  natural  potential 
(climax)  plant  cover  is  principally  native  grasses,  forbs,  and 
shrubs  valuable  for  forage.  This  land  includes  natural  grass- 
lands and  savannas,  such  as  prairies,  and  juniper  savannas, 
such  as  brushlands.  Except  for  brush  control,  management  is 
primarily  achieved  by  regulating  the  intensity  of  grazing  and 
season  of  use. 

"Woodland"  refers  to  an  open  stand  of  deciduous  or  conif- 
erous vegetation  where  woody  vegetation  covers  approximately 
25  to  60  percent  of  the  ground  area. 

In  addition  to  the  "Range  Site  Descriptions,"  the  SCS  has 
developed  for  various  states  "Woodland  Suitability  Interpreta- 
tions," which  evaluate  productive  and  management  problems 
for  woodland  soil  series  and  list  the  trees  common  to  each  soil 
series.  "Pasture  Suitability  Groupings"  are  also  available  for 
certain  states  and  list  the  best  adapted  pasture  species  for  each 
soil  series.  "Woodland  Suitability  Interpretations,"  "Pasture 
Suitability  Groupings,"  and  "Range  Site  Descriptions"  can  all 
be  of  value  to  the  investigator  in  classifying  vegetation  types 
into  range  sites,  habitat  types,  or  community  types.  They  de- 
scribe (1)  the  soils  that  a  particular  vegetation  community 
occurs  on,  and  (2)  the  major  plant  species  that  comprise  the 
community  (both  climax  native  species  and  adapted  introduced 
species  in  the  case  of  Woodland  and  Pasture  Suitability 
Groupings). 

Because  the  vegetation  community  is  a  partial  refiection  of 
the  soils  that  underlie  it,  soils  can  play  an  important  part  in 
classifying  and  describing  vegetation  communities.  Although  a 
vegetation  community  may  occur  on  several  soil  series,  each 


soil  series  is  characterized  by  only  one  vegetation  community. 
Therefore,  a  knowledge  of  the  soil  series  in  an  area  and  of  their 
potential  natural  vegetation  can  be  a  tremendous  aid  in  map- 
ping vegetation.  Many  counties  in  the  United  States  have  pub- 
lished soil  surveys  that  completely  map  the  soil  series  in  the 
county  and  give  management  and  cultivation  interpretations  for 
each  series.  These  are  available  from  the  SCS.  In  addition,  a 
soil  series  map  is  generally  required  before  a  mining  permit  is 
issued. 

Reference  Area  Selection 

Reference  areas  serve  as  standards  of  comparison  to  assess 
whether  mined  land  areas  have  been  successfully  revegetated. 
Reference  areas  are  land  units  maintained  under  appropriate 
management  for  the  purpose  of  measuring  vegetation  ground 
cover,  productivity,  and  plant  species  diversity  that  are  pro- 
duced naturally  or  by  crop  production  methods  approved  by 
the  regulatory  authority.  Reference  areas  must  be  representative 
of  geology,  soil,  slope,  and  vegetation  in  the  permit  area. 

The  selection  of  reference  areas  will  be  dependent  upon  (1) 
the  proposed  land  use  for  the  revegetated  area  (wildlife  habitat, 
improved  pasture,  cropland,  and  so  forth)  and  (2)  the  approved 
revegetation  plan  for  each  individual  mine.  It  is  recognized  that 
in  many  cases  postmining  vegetation  and  land  uses  may  differ 
from  premining  vegetation  and  land  uses.  In  Region  IV  of  the 
OSM,  an  example  of  this  would  be  the  conversion  of  an  oak 
savanna  grazing  land  to  an  improved  pasture  of  fescue  or  ber- 
muda  grass.  In  this  case,  the  reference  area  would  be  an  im- 
proved pasture  of  fescue  or  bermuda  grass. 

Mined  and  revegetated  areas  may  differ  significantly  from 
the  communities  that  originally  occupied  the  site.  Perhaps  the 
most  important  of  these,  from  a  biological  standpoint,  is  that 
the  properties  of  the  soil  are  often  altered.  The  topography  of 
the  site  may  be  changed  and  the  composition  of  the  vegetation 
may  or  may  not  be  similar  to  that  of  the  original  site.  There- 
fore, when  comparing  a  revegetated  area  to  a  reference  area,  it 
will  be  necessary  to  integrate  the  factors  that  characterize  the 
"new  site"  created  through  revegetation  with  those  of  the 
preexisting,  established  reference  area.  A  list  of  the  essential 
criteria  for  comparing  revegetated  and  reference  areas  follows: 

1.  Individual  site  factors  including  elevation,  precipitation, 
slope,  and  aspect  must  be  the  same  for  both  areas. 

2.  Both  areas  will  be  comprised  of  the  same  plant  life-forms 
and  seasonal  varieties  of  vegetation. 

3.  Management  of  the  reference  area  will  have  to  be  consist- 
ent during  the  revegetation  phase  and  the  same  as  that  pro- 
posed for  the  revegetation  area.  The  condition  class  of  the 
reference  area  (when  dealing  with  rangeland)  should  be  the 
same  as  that  desired  in  the  management  plan  for  the 
revegetated  area  and  should  have  a  stable  trend. 

4.  Although  it  is  unlikely  that  the  revegetated  area  will  have 
the  same  soils  as  the  reference  area,  it  is  important  that  certain 
edaphic  characteristics  be  similar. 

5.  The  reference  area  will  have  to  be  realistically  comparable 
to  the  revegetated  area,  having  the  capability  to  produce  a 
similar  kind  and  amount  of  vegetation. 

It  is  not  essential  that  the  reference  area  be  immediately  adja- 
cent to  the  revegetated  area  as  long  as  the  above  criteria  are 
met.  The  two  areas  must  not  be  separated  by  too  great  a  dis- 
tance, however,  as  differences  in  rainfall  distribution  patterns 
and  other  environmental  factors  could  result  in  statistically  dif- 
ferent production,  cover,  and  diversity  values. 


Reference  areas  for  croplands  should  be  a  minimum  of  1 
acre  (0.4  ha)  in  size.  Larger  areas  of  2  to  5  acres  (0.8  to  2  ha) 
are  preferable,  however,  as  they  allow  for  variations  in  produc- 
tivity due  to  differences  in  nutrient  availability,  topography, 
drainage,  and  so  forth. 

When  the  postmining  land  use  of  an  area  is  grazing,  special 
measures  will  have  to  be  taken  to  ensure  that  past  grazing  has 
no  effect  on  the  accuracy  of  production,  cover,  and  diversity 
sampling  on  either  the  revegetated  area  or  the  reference  area. 
This  can  be  accomplished  in  one  of  three  ways: 

1.  Exclosures  could  be  built  on  both  the  revegetated  area 
and  the  reference  areas  to  exclude  livestock  grazing  during  the 
years  in  which  sampling  is  to  occur.  Exclosures  should  be  a 
minimum  of  1  acre  (0.4  ha)  in  size  on  improved  pastures  and 
from  2  to  5  acres  (0.8  to  2  ha)  on  grazing  land  and  rangeland. 

2.  Grazing  could  be  deferred  or  delayed  on  both  the  revege- 
tated and  reference  areas  until  after  sampling  has  been  com- 
pleted. The  deferment  applies  only  to  those  years  during  which 
sampling  is  scheduled.  The  proposed  grazing  management 
scheme  should  be  adhered  to  during  all  other  years. 

3.  Utilization  correction  factors  could  be  used  to  adjust  pro- 
duction figures  if  sampling  occurs  after  livestock  grazing,  and 
cover  values  could  be  determined  from  basal  instead  of  aerial 
values.  These  methods  are  detailed  in  production  and  utiliza- 
tion sections  of  this  handbook. 

Special  consideration  is  required  in  the  selection  of  reference 
areas  for  mined  lands  that  are  to  be  revegetated  as  wildlife 
habitat  areas  or  that  are  to  approximate  the  potential  natural 
vegetation  (woodland,  rangeland,  or  grazing  land).  Areas  must 
be  chosen  that  are  consistent  with  the  management  goals  or  the 
planned  future  use  of  the  area.  They  must  also  be  represent- 
ative of  the  potential  natural  community  as  described  by  range 
site  or  habitat  type  concepts.  Where  differences  in  species  com- 
position exist  between  the  potential  natural  community  and  the 
revegetated  area,  life-form  and  seasonality  must  be  similar. 

Vegetation  Mapping 

The  actual  classification  and  mapping  of  vegetation  is  best 
performed  on  the  ground  with  the  aid  of  aerial  photographs. 
The  criteria  used  for  mapping  vegetation  units  on  both  revege- 
tated and  reference  areas  include  all  of  the  elements  previously 
discussed  under  vegetation  types:  soils,  vegetation,  and  topog- 
raphy. The  initial  classification  is  done  on  the  basis  of  similari- 
ties in  plant  species,  the  amount  of  vegetation  produced,  and 
the  relative  proportions  of  the  individual  species.  SCS  "Range 
Site  Descriptions"  and  "Woodland  Suitability  Groupings"  are 
helpful  in  distinguishing  the  differences  between  various  range 
sites  and  habitat  types. 

Soil  survey  maps  can  be  used  to  refine  the  boundaries  be- 
tween vegetation  units.  Although  soil  lines  often  coincide  with 
vegetation  unit  boundaries,  they  should  not  be  the  sole  basis 
for  mapping  vegetation.  Individual  characteristics  of  the  vegeta- 
tion community,  such  as  production  and  species  composition, 
must  also  be  considered.  In  addition,  there  may  be  transition 
zones  between  the  vegetation  units  that  the  plant  scientist 
wishes  to  interpret  differently  than  does  the  soil  scientist. 

The  topographic  features  of  aspect  and  slope  are  also  impor- 
tant considerations  because  of  their  potential  influence  on 
vegetation  communities.  South  and  west  slopes  should  generally 
be  mapped  separately  from  north  and  east  slopes. 


Aerial  photos  on  the  scale  of  approximately  1 :20,000 
(3. 16  inches/mile  or  8.03  cm/km)  are  normally  the  most  con- 
venient for  this  type  of  work.  However,  the  scale  will  be  deter- 
mined by  the  intensity  of  mapping  that  is  desired.  A  table  of 
scales  and  equivalents  for  maps  and  photographs  is  provided  in 
appendix  111.  Sheets  of  mylar  (a  clear  plastic  film)  can  be  used 
to  overlay  individual  photos  for  the  mapping  of  soils  and 
vegetation.  A  summary  of  all  cartographic-related  information 
sources  compiled  by  the  National  Cartographic  Information 
Center  (NCIC)  is  in  appendix  IV.  Bureau  of  Land  Management 
Technical  Note  287,  "The  Use  of  Aerial  Photographs"  and 
Eugene  Avery's  text,  "Interpretation  of  Aerial  Photographs," 
may  prove  useful  to  the  reader. 

Another  essential  tool  for  vegetation  and  soil  mapping  is  the 
topographic  map.  An  index  to  topographic  maps  of  individual 
States  as  well  as  standard  quadrangle  maps  published  in  the 
7.5-  or  15-minute  series  can  be  obtained  from  the  Branch  of 
Distribution,  U.S.  Geological  Survey,  1200  South  Eads  Street, 
Arlington,  VA  22202.  In  addition,  a  bibliography  on  "Selected 
Books  on  Maps  and  Mapping"  by  the  USGS  is  included  in  ap- 
pendix V. 

Sample  Site  Selection 

The  selection  of  a  sample  site  is  made  after  the  vegetation 
classification  has  been  decided,  mapping  has  taken  place,  and  a 
reference  area  has  been  chosen.  The  sample  site  must  be  a 
homogeneous  area  that  accurately  represents  the  range  site, 
habitat  type,  community  type,  or  response  unit  being  selected. 
The  sample  must  be  taken  in  a  pure  vegetation  type  and  not  in 
transition  zones  between  adjacent  types.  The  sample  site  should 
be  located  so  it  avoids  the  effects  of  neighboring  vegetation 
types,  roads,  stream  courses,  and  so  forth. 

The  area  selected  as  a  sampling  site  must  be  large  enough  to 
obtain  an  adequate  sample.  A  minimum  sample  unit  of  2  to  5 
acres  (0.8  to  2  ha)  is  recommended  for  sampling  reference 
areas;  however,  a  larger  area  may  be  desirable  for  sampling 
rangeland  and  woodland.  When  evaluating  revegetated  areas, 
the  entire  area  must  be  sampled.  It  may  be  desirable  to  stratify 
the  area  on  the  basis  of  major  topographic  features,  soil  condi- 
tions, or  other  major  site  conditions  that  may  have  a  significant 
effect  on  vegetation  characteristics. 

CONCEPTS  OF  VEGETATION  SAMPLING 

Vegetation  sampling  is  a  means  by  which  an  investigator  can 
make  inferences  about  a  plant  community  based  on  informa- 
tion obtained  from  intensive  examinations  of  a  small  propor- 
tion or  sample  of  that  community.  A  true  characteristic  of  the 
plant  community  is  a  parameter  such  as  cover,  production,  or 
diversity,  while  an  inferred  characteristic  is  a  statistic  of  that 
parameter.  In  vegetation  sampling,  we  are  concerned  with 
inferring  the  true  characteristics  based  on  parameter  statistics 
that  are  felt  to  represent  the  plant  community.  The  importance 
of  developing  a  sampling  scheme  that  closely  approximates  the 
actual  parameters  of  a  community  cannot  be  overemphasized, 
especially  when  dealing  with  small  confidence  intervals.  It  is 
critical  that  the  sampling  methods  used  be  both  preci.se  (or 
repeatable)  and  accurate  (or  capable  of  delineating  the  true 
characteristics  of  the  community). 

It  is  very  important  that  the  sample  provide  an  unbiased 
estimate  of  the  variance  and  the  mean  of  the  parameters  being 
studied.  There  has  been  a  considerable  amount  of  discussion  in 


the  sampbng  literature  concerning  the  relative  merits  of  random 
and  systematic  sampling.  A  simple  random  sample  gives  each 
individual  in  the  population  an  equal  chance  of  being  selected 
that  is  independent  of  the  chance  of  any  other  individual  being 
selected.  The  estimate  of  the  variance  and  the  mean  of  the 
population  is  unbiased  and  consistent,  and  provides  a  valid 
basis  for  computing  the  estimate  of  its  sampling  error.  A  simple 
random  sampling  scheme  may  be,  however,  somewhat  time- 
consuming  to  devise  and  execute  in  the  field. 

A  systematic  sample  usually  has  one  or  more  random  starts 
and  consists  of  a  number  of  mechanically  spaced  sample  plots 
along  one  or  more  transects.  A  systematic  sample  provides  an 
unbiased  and  consistent  estimate  of  the  population  mean  and  is 
often  more  time  and  cost  efficient  than  a  simple  random  sam- 
ple. Systematic  schemes  are  relatively  easy  to  draw  and  to  ex- 
ecute in  the  field.  However,  unless  more  than  one  random  start 
is  used,  they  do  not  provide  enough  information  for  computing 
an  exact  sampling  variance.  To  insure  obtaining  an  unbiased 
estimate  of  the  population  mean  and  a  valid  basis  for  comput- 
ing the  estimate  of  its  sampling  error,  the  methods  presented  in 
this  handbook  incorporate  simple  random  sampling  or  system- 
atic sampling  with  multiple  random  starts  or  random  quadrat 
placement. 

Cook  and  Bonham  (1977)  state  that  the  "selection  of  a  sam- 
ple will  depend  upon:  (a)  the  features  of  the  population,  (b)  the 
variation  among  individuals,  (c)  the  inferences  to  be  made 
concerning  the  population,  and  (d)  labor  and  time  involved  in 
collecting  data."  Each  of  these  factors  deserves  critical  consid- 
eration when  choosing  the  proper  sampling  method.  The  con- 
cepts and  methods  explained  in  this  handbook  were  chosen  for 
their  accuracy  and  precision.  No  attempt  is  made  to  review  all 
of  the  various  sampling  methodology  available,  although  the  in- 
herent weaknesses  in  certain  techniques  and  the  logic  in  choos- 
ing one  technique  over  another  is  discussed.  Several  recent 
reviews  and  manuals  of  vegetation  measurement  techniques  are 
available  to  the  interested  reader:  Pieper  (1973),  Cook  and 
Bonham  (1977),  Bonham  and  others  (1980),  and  Knight  (1978). 
Texts  also  of  use  include  L.  't  Mannetje  (1978),  Mueller- 
Dombois  and  EUenberg  (1974),  Greig-Smith  (1964),  and  Joint 
Committee  of  the  American  Society  of  Range  Management  and 
the  Agricultural  Board  (1%2).  U.S.  Department  of  Agriculture 
and  U.S.  Department  of  the  Interior  manuals  that  Eire  available 
include  the  SCS  National  Range  Handbook  (1976),  BLM 
Manual  4412. 14,  Soil- Vegetation  Inventory  Method  (1979),  and 
Forest  Service  Handbook  2209.21,  Range  Environmental 
Analysis  (1%8). 

All  terminology  in  this  handbook  adheres  to  the  Society  of 
Range  Management  (SRM)  glossary  of  terms  and  the  defini- 
tions in  the  permanent  regulatory  program  for  surface  coal 
mining  and  reclamation  operations. 

Random  Sampling  Schemes 

The  sampling  schemes  outlined  here — random,  stratified  ran- 
dom, and  systematic  sampling  with  multiple  random  starts — 
allow  the  calculation  of  a  valid  estimate  of  the  variance  of  the 
mean.  The  specific  scheme  chosen  depends  on  the  parameter 
under  investigation  and  on  the  sampling  methodology  used. 
Convenience,  ease  of  implementation,  and  cohesiveness  with 
the  sampling  methodology  should  be  considered  when  deciding 
upon  which  scheme  to  use. 


GENERAL  CONSIDERATIONS 

It  is  imperative  that  all  sample  points  be  objectively  located 
within  the  sample  unit.  Knight  (1978)  states  that  three  rules 
should  always  be  followed: 

1 .  Sample  points  should  be  distributed  throughout  the  sam- 
ple units  and  not  just  within  a  small  portion  of  the  sample  unit . 

2.  Sample  points  should  be  located  without  any  bias  of  the 
investigator. 

3.  Sample  points  should  be  located  far  enough  within  the 
sampling  unit  to  avoid  transition  zones  and  the  edge  effect 
created  by  highways,  rivers,  and  so  forth. 

The  objective  selection  of  random  sample  points  is  best 
accomplished  with  the  use  of  a  random  numbers  table. 

USE  OF  RANDOM  NUMBERS  TABLES 

A  random  numbers  table  is  presented  in  appendix  VI.  Its  use 
is  outlined  as  follows: 

1.  An  arbitrary,  objective  starting  point  is  selected  anywhere 
on  the  table,  as  long  as  it  is  not  chosen  because  of  the  size  of 
the  number  at  that  point. 

Each  digit  within  a  random  numbers  table  is  a  random 
number  although  random  numbers  are  often  given  as  four 
digits.  If  the  bottom  of  column  2  in  appendix  VI  were  selected 
as  a  starting  point,  4067,  406,  40,  or  4  could  be  used  as  the 
first  random  number.  The  units  of  measure  used  for  locating 
the  sample  points  (paces,  m,  dm,  and  so  forth)  will  determine 
the  size  of  the  number  selected.  The  same  sequence  of  numbers 
should  always  be  selected,  and  zeros  should  be  counted  as  one 
of  the  digits. 

2.  All  subsequent  random  numbers  are  selected  in  the  same 
manner  as  the  first,  progressing  in  order  down  the  column. 

RANDOM  SAMPLE  POINT  LOCATION 

The  location  of  random  sample  points  is  depicted  in  figure  1 . 


He  RANDOM     SAMPLE      POINT    LOCATION 

Figure  1.— Random  sample  point  location 
(from  Knight  1978). 

The  procedures  for  selecting  random  sample  points  are  as 
follows: 

1 .  Select  two  random  numbers  as  described  under  the  section 
on  use  of  random  numbers  tables.  The  first  number  chosen  is 
used  as  the  distance  along  the  x-axis  and  the  second  as  the 
distance  along  the  y-axis. 


2.  Locate  the  x-coordinate  by  pacing  or  measuring  the  ran- 
dom number  distance  along  the  x-axis  from  the  point  of  origin. 
From  the  x-coordinate,  pace  or  measure  a  line  perpendicular 
from  the  x-axis  and  equal  to  the  random  number  distance 
along  the  y-axis.  The  point  at  the  end  of  the  line  is  the  random 
samphng  point.  A  perpendicular  line  from  the  y-axis  to  the  raji- 
dom  samphng  point  should  equal  the  distance  along  the  x-axis. 
A  sample  point  that  falls  outside  of  the  sampling  unit  is  not 
used. 

3.  Return  to  the  point  of  origin,  select  the  next  two  random 
numbers,  and  repeat  the  process  described  above.  Continue  this 
process  until  all  sample  points  have  been  taken. 

STRATIFIED  RANDOM  METHOD  USING  A  BASELINE 

The  procedure  for  locating  random  sampling  points  using  a 
basehne  is  shown  in  figure  2. 
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■[STRATIFIED    RANDOM  METHOD     USING    A   BASELINE 

Figure  2.— Stratified  random  method  using  a 
baseline  (from  Knight  1978). 

1 .  Locate  a  baseline  either  through  the  middle  or  along  one 
edge  of  the  sampling  unit.  Points  along  this  line  will  be  spaced 
a  predetermined  and  equal  distance  apart,  such  as  1(X)  ft 

(30  m). 

2.  Proceed  to  the  first  point  on  the  baseline  and  select  a  ran- 
dom number.  This  number  is  the  distance  to  the  first  sample 
point  along  a  line  running  perpendicular  to  the  basehne.  When 
the  baseline  is  in  the  middle  of  the  area  and  the  random 
number  is  even,  the  sample  point  is  on  the  right;  if  it  is  odd, 
the  sample  point  is  on  the  left. 

3.  Point  2  is  obtained  by  choosing  a  second  random  number 
that  is  the  distance  to  point  2  from  point  I  along  the  same 
perpendicular  line.  Additional  points  are  located  in  the  same 
manner  until  the  perimeter  of  the  stand  is  approached.  The 
investigator  then  returns  to  the  baseline  and  proceeds  to  the 
second  predetermined  point.  Sample  points  are  then  located 
along  a  line  perpendicular  to  this  point  as  described  above.  The 
procedure  is  repeated  until  an  adequate  sample  has  been 
collected. 

Random  numbers  that  result  in  the  overlap  of  sample  plots 
should  be  disregarded  in  most  sampling  situations.  An  occa- 
sional overlap  of  plots  when  using  Bitterlich's  variable  radius 
method  or  the  density  quadrat  method  for  shrubs  does  not  de- 
crease the  validity  of  the  data. 


SYSTKMA TIC  SAMPLING  WITH  MULTIPLE 
RANDOM  STARTS 

Systematic  sampling  with  multiple  random  starts  is  an  effi- 
cient method  of  locating  sample  points  that  still  allows  a  valid 
calculation  of  the  variance  of  the  mean,  even  though  it  utilizes 
systematic  sampling  (see  Shiue  1960).  This  method  can  be 
implemented  using  a  baseline  and  is  similar  to  the  stratiTied 
random  method  shown  in  figure  2.  The  procedures  for  estab- 
lishing sample  points  using  this  method  are  as  follows: 

1 .  Locate  a  baseline  either  through  the  middle  or  along  one 
edge  of  the  sampling  unit.  Points  along  this  line  will  be  spaced 
a  predetermined  and  equal  distance  apart. 

2.  Proceed  to  the  first  point  on  the  baseline  and  select  a  ran- 
dom number.  The  random  number  is  the  distance  to  the  first 
sample  point  along  a  line  running  perpendicular  to  the  baseline 
(transect  line). 

3.  Locate  subsequent  points  a  predetermined  and  equal 
distance  apart  along  the  transect  line.  Discontinue  sampling 
along  the  transect  line  when  the  perimeter  of  the  sample  unit  is 
approached. 

4.  Return  to  the  baseline  and  proceed  to  the  second  prede- 
termined point.  Sample  points  are  located  along  the  transect 
line  perpendicular  to  this  point  as  described  above.  The  dis- 
tance to  the  first  sample  point  is  once  again  determined  by  the 
selection  of  a  random  number.  Continue  in  this  manner  until 
an  adequate  sample  has  been  taken,  and  the  entire  sample  unit 
has  been  sampled. 

If  the  baseline  is  placed  in  the  middle  of  the  sample  unit, 
transects  are  placed  on  both  sides  of  the  baseline.  A  minimum 
number  of  random  starts  is  six,  but  more  are  preferted. 

Quadrat  Size  and  Shape 

Selecting  the  proper  plot  size  and  shape  is  very  important  for 
efficient  sampling  or  sampling  that  will  minimize  both  variance 
and  sampling  time.  After  reviewing  the  literature,  Van  Dyne 
and  others  ( 1%3)  presented  the  following  generalizations  con- 
cerning the  infiuence  of  plot  size  and  shape: 

1 .  Perimeter-to-area  ratios  are  lowest  in  circular  plots  and 
decrease  as  plot  size  increases.  Low  perimeter-to-area  ratios 
generally  decrease  sampler  error. 

2.  More  species  generiilly  are  included  in  long,  nartow  plots. 

3.  Optimum  plot  size  and  shape  may  depend  upon  the  distri- 
bution of  the  species  measured,  with  larger  plots  usually  recom- 
mended in  sparse  vegetation. 

4.  Small  sampling  units,  although  generally  more  efficient 
statistically,  often  yield  skewed  data,  and  thus  may  not  accu- 
rately represent  the  true  population. 

5.  Greatest  efficiency  is  generally  indicated  by  smallest 
variance. 

6.  Random  plot  location  is  necessary  for  an  unbiased  esti- 
mate of  variance. 

7.  To  obtain  an  estimate  of  sampling  error,  an  exclosure 
should  contain  more  than  one  plot. 

Both  the  type  of  vegetation  community  being  sampled  and 
the  parameters  being  investigated  will  determine  not  only  the 
plot  size  and  shape,  but  also  the  specific  methodology  used. 
Table  1  presents  the  generalized  vegetation  types  found  in  OSM 
Region  IV  and  suggested  quadrat  sizes  and  shapes  for  use  in 
each. 


Table  1. — Quadrat  sizes  for  sampling  production  with  circular. 
square  or  rectangular  quadrat  frames 


Metric 

American 

Vegetation  type 

measure 

measure 

Dense'  tall-grass 

prairie  and  pastures 

0.25-0.75  m-' 

0.96-2.40  ft' 

Sparse'  tall-grass 

prairie  and  pastures 

.50-1.50  m' 

1.92-4.80  ft' 

Woodlands-dense 

understory 

.75-1.50  m' 

2.40-4.80  ft' 

Woodlands-sparse 

understory 

1.00-2.50  m-' 

4.80-9.60  ft' 

Dense  mid-grass  prairie 

.25-0.75  m' 

.96-2.40  ft' 

Sparse  mid-grass  prairie 

.50-1.50  m' 

1.92-4.80  ft' 

Dense  shrublands 

.75-1.50  m' 

2.40-4.80  ft' 

Sparse  shrublands 

1.50-2.50  m- 

4.80-9,60  ft' 

'Dense  is  defined  as  >  50%  aerial  cover. 
'Sparse  is  defined  as  <  50%  aerial  cover. 

Quadrat  Sizes  and  Conversions 

To  convert  grams  per  quadrat  to  pounds  per  acre: 

On  0.96  ft'  quadrats,  multiply  grams  by  100 

On  1.92  ft'  quadrats,  multiply  grams  by  50 

On  2.40  ft'  quadrats,  multiply  grams  by  40 

On  4.80  ft'  quadrats,  multiply  grams  by  20 

On  9.60  ft'  quadrats,  multiply  grams  by  10 
To  convert  grams  per  quadrat  to  kilograms  per  fiectare: 

On  0.25  m'  quadrats,  multiply  grams  by  40 

On  0.50  m'  quadrats,  multiply  grams  by  20 

On  0.75  m'  quadrats,  multiply  grams  by  13.33 

On  1.00  m'  quadrats,  multiply  grams  by  10 

On  1.50  m'  quadrats,  multiply  grams  by  6.67 

On  1.00  m'  quadrats,  multiply  grams  by  5 

On  2.50  m'  quadrats,  multiply  grams  by  4 

Kilograms  per  hectare  x  0.89235  =  pounds  per  acre 
Pounds  per  acre  x  1.12064  =  kilograms  per  fiectare 

Time  of  Sampling 

In  cases  where  sampling  is  intended  to  refiect  the  peak  or 
maximum  productivity,  sampling  should  be  timed  to  coincide 
with  the  seed-ripe  or  mature  phenological  stages  of  the  majority 
of  the  species  under  investigation.  At  this  stage  the  plants  have 
accumulated  the  greatest  biomass,  and  yield  the  highest  amount 
of  production. 

Because  the  purpose  of  the  sampling  methodology  described 
here  is  to  compare  two  areas  similar  in  life-form  and  seasonal- 
ity, it  is  logical  to  obtain  this  comparison  by  sampling  both 
areas  during  the  same  time  interval  and  when  the  majority  of 
the  species  are  at  the  highest  level  of  production.  The  sample 
does  not  necessarily  need  to  refiect  the  total  year's,  growth  (pro- 
duction) of  the  community. 

Numerous  plant  communities  exist  in  which  there  is  signif- 
icant difference  between  the  timing  of  flowering  and  seed 
production  of  the  major  species.  Two  examples  of  this  are 
communities  with  both  cool-season  (perennial  ryegrass)  and 
warm-season  (little  and  big  bluestem)  grasses,  and  communities 
with  grasses  that  fiower  and  mature  long  before  the  shrubs. 
Cool  season  plants  generally  make  the  major  portion  of  their 
growth  during  the  winter  and  early  spring,  and  warm  season 


plants  make  most  or  all  of  their  growth  during  the  spring,  sum- 
mer, or  fall  and  are  usually  dormant  in  winter.  In  communities 
with  varying  seasonality,  it  may  be  necessary  to  sample  when 
overall  community  production  is  at  a  peak.  For  the  community 
with  both  cool-season  and  warm-season  species,  this  would  be 
at  some  point  after  which  the  cool-season  grass  had  matured, 
but  before  it  had  dropped  its  seed.  The  warm-season  grasses 
would  likely  be  approaching  maximum  foliar  growth  and  near- 
ing  anthesis  or  flowering.  If  the  periods  of  peak  production  of 
the  major  species  are  extremely  disparate,  it  may  be  desirable  to 
sample  at  two  different  times  to  obtain  an  accurate  estimate  of 
total  maximum  productivity. 

In  some  cases,  it  may  be  necessary  to  stagger  sampling  times 
between  revegetated  areas  and  reference  areas,  especially  if  the 
species  are  dissimilar  and  have  different  maturation  times  and 
phenologies.  Each  area  must  be  sampled  when  the  majority  of 
its  species  are  in  the  seed-ripe  or  mature  phenological  stages. 

If  the  investigator  wishes  to  obtain  a  value  of  total  years 
production  for  the  year,  a  separate  phenological  study  can  be 
initiated.  This  would  involve  sampling  both  areas  at  specified 
intervals  (say,  2  weeks)  throughout  the  growing  season  and 
collecting  data  on  the  dry-weight  production  of  each  species 
during  each  of  its  phenological  stages.  A  method  based  upon 
this  concept  is  described  in  BLM  Manual  4412. 

PRODUCTION  SAMPLING  CONCEPTS 

Several  definitions  and  various  interpretations  are  available 
for  the  parameters  of  production,  cover,  and  diversity.  The 
definitions  presented  here  were  chosen  to  comply  with  the  OSM 
regulations  and  to  allow  for  the  most  efficient  and  accurate 
sampling  and  subsequent  comparison  of  revegetated  and  refer- 
ence areas. 

Ideally,  the  vegetation  investigator  would  sample  net  primary 
production,  or  the  net  increase  in  plant  biomass  (total  energy 
content),  which  is  incorporated  into  the  aerial  parts  of  the  plant 
community  within  a  specified  area  and  time  interval.  Net  pri- 
mary production  is  very  difficult  to  collect,  however,  and  for 
the  purposes  of  this  handbook  a  simpler  definition  of  produc- 
tion will  be  used  that  still  provides  accurate  comparisons.  The 
definition  adhered  to  here  is: 

"Vegetation  production"  is  the  current  year's  plant 
growth  that  consists  of  all  green  leafy  vegetation, 
flowering  stalks,  seed-heads,  and  stems  of  herbs,  and 
all  green  leafy  vegetation,  flowers,  seeds  and  current 
year's  twig  growth  of  shrubs  and  trees.  It  also  includes 
the  persistent  green,  hving  leaves  of  evergreen  species. 
This  definition  does  not  apply  when  a  revegetated  area  is 
compared  to  an  approved  standard.  Such  a  comparison  will  re- 
quire that  the  revegetated  area  be  harvested  or  sampled  in  the 
same  manner  as  the  standard.  It  will  be  necessary  to  duplicate 
the  exact  methodology  and  to  adhere  to  the  same  units  of 
measure  (bushels/acre  or  tons/acre)  used  to  establish  the  stand- 
ard if  a  valid  comparison  is  to  be  made. 

When  the  revegetated  and  reference  areas  have  similar  species 
composition  and  production  data  are  to  be  used  in  the  meas- 
urement of  diversity,  production  should  be  sampled  according 
to  species.  If  the  revegetated  and  reference  areas  differ  in 
species  composition,  the  production  should  be  sampled  by  life- 
form.  Table  2  presents  the  suggested  life-form  categories. 


Table  2. — Hierarchial  life-form  classification 

I.  Grasses  and  grasslike 

A.  Annual 

B.  Perennial 

1.  Rhizomatous 

a.  Warm-season 

b.  Cool-season 

2.  Bunch 

a.  Warm-season 

b.  Cool-season 

II.  Herbs 

A.  Annual 

B.  Perennial 

C.  Biennial 

III.   Shrubs  and  halfshrubs 

A.  Broadloaf 

1.  Deciduous 

2.  Evergreen 

B.  Needleieaf 

1.  Deciduous 

2.  Evergreen 

Trees 

A.  Broadleaf 

1.  Deciduous 

2.  Evergreen 

B.  Needleieaf 

1.  Deciduous 

2.  Evergreen 

Lichens  and  mosses 


IV. 


V. 


For  the  purposes  stated  within  this  handbook,  production 
will  be  measured  at  only  one  point  in  time. 

Several  standards  need  to  be  conformed  to  when  obtaining 
production  samples: 

1.  All  production  samples  will  be  converted  to  dry  weights 
and  should  be  ovendried  at  140°  to  158°  F  (60°  to  70°  C).  In 
areas  characterized  by  high  relative  humidities,  ovendrying  is 
necessary  to  prevent  wide  fluctuations  in  dry  weights  and  to  ob- 
tain reliable,  repeatable  data. 

2.  Because  production  as  defined  here  includes  only  current 
year's  growth  and  living  green  leaves,  it  will  be  necessary  to 
separate  and  remove  all  dead  plant  material  not  produced  dur- 
ing the  current  growing  season. 

3.  In  order  to  standardize  sampling  and  minimize  sampler 
error,  all  vegetation  will  be  harvested  to  ground  level.  If  the 
production  data  are  to  be  used  for  animal  unit  month  (AUM) 
calculations,  normal  grazing  height  can  be  accounted  for 
through  proper  use.  Proper  use  is  a  degree  and  time  of  use  of 
current  year's  growth  that,  if  continued,  will  either  maintain  or 
improve  pasture  or  range  condition  consistent  with  manage- 
ment goals. 

4.  Reference  areas  and  revegetated  areas  will  be  sampled 
when  the  majority  of  the  species  have  mature  seeds. 

PRODUCTION  SAMPLING 
METHODOLOGY 

The  methods  here  will  provide  investigators  with  the  most 
reliable  results  and  will  allow  them  to  meet  the  statistical  limits 


required  in  the  regulations.  Either  the  harvest  method  or  the 
weight-estimate  method  may  be  used  in  years  prior  to  bond 
release;  however,  during  the  final  year  of  sampling  before  bond 
release,  the  harvest  method  should  be  used.  The  quadrat  size 
and  shape  will  be  determined  by  the  vegetation  type  (see  table 
1).  An  explanation  of  how  to  determine  the  proper  number  of 
quadrats  will  be  given  in  the  section  on  statistics.  Quadrat 
placement  within  the  sampling  unit  should  follow  one  of  the 
three  schemes  outlined  in  the  section  on  random  sampling 
schemes. 

Harvest  Method 

The  harvest  method  involves  clipping  to  ground  level  all  of 
the  vegetation  within  each  quadrat  by  species  or  life-form.  The 
procedures  used  are  valid  for  both  the  harvest  method  and  for 
double  sampling.  An  example  data  form  is  shown  in  figure  3. 
The  methods  used  are  as  follows: 

1.  The  quadrat  is  placed  on  the  ground  within  the  sampling 
unit  using  a  random  sampling  scheme.  The  orientation  of 
square  and  rectangular  quadrats  must  remain  constant  at  each 
sampling  location. 

2.  The  vegetation  within  the  quadrat  is  clipped  to  ground 
level  using  hand  shears  or  clippers.  Vegetation  production,  as 
defined  earlier,  is  harvested  from  the  three  dimensional  volume 
of  the  quadrat  (height  x  width  x  length).  Parts  of  plants  that 
are  rooted  within  the  quadrat  but  do  not  occupy  space  within 


the  volume  are  not  harvested,  while  plants  that  are  not  rooted 
within  the  quadrat  but  overlap  into  the  volume  are  harvested 
(see  fig.  4).  The  volume  method  is  generally  accepted  as  the 
most  accurate  method  for  production  clipping.  However,  in  tall 
grass  swards  including  only  those  plants  rooted  within  the 
quadrat,  regardless  of  quadrat  volume,  may  be  more  efficient. 

3.  Vegetation  is  separated  by  species  or  life-form  (see  table 
2),  placed  in  paper  bags,  weighed,  and  labeled  according  to 
date,  sampling  unit,  quadrat  number,  weight,  and  species  or 
life-form.  Green  weights  of  species  are  necessary  if  sample  size 
is  to  be  calculated  in  the  field  and/or  if  double  sampling  is 
used.  Phenological  stage  should  be  recorded  by  species  if  stand- 
ing crop  production  is  to  be  adjusted  to  peak  annual  produc- 
tion. Standard  phenological  stages  are:  (1)  Beginning  Growth, 
(2)  Vegetative  Stage,  (3)  Boot  Stage  (grass  and  grasslike),  (4) 
Peak  Flowering,  (5)  Soft  Dough  (grass  and  grasslike),  (6)  Seed 
Ripe,  (7)  Mature,  (8)  Dormant,  and  (9)  Regrowth. 

4.  The  vegetation  samples  are  ovendried  at  140°to  158°  F 
(60°to  70°  C)  until  a  constant  weight  is  obtained.  Dry  weights 
are  then  recorded  by  species  or  life-form  for  each  quadrat. 
Weighing  should  be  performed  immediately  after  ovendrying  to 
avoid  absorption  of  water  from  humid  air. 

5.  Total  production  and  subsequent  statistical  computations 
are  based  upon  the  dry  weights  obtained  in  step  4.  The  calcula- 
tions for  production  and  percent  composition  of  individual 
species  or  life-forms  are: 


N 


Site  Name 
Date 

Lo( 

:atio 

n 



Dat 

a  Sheet 

No 

■  — 

_  of  _ 

W 

-  +-  -t-  +  - 
.-4-  +  -^- 

-  t  t  -t 

E 

SEC 
TWP 
RNG  _ 

Quadrat  size 

Investigator 

s 

S 

Species  or  Life 

Form 

PS 

Quadrat  Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Sheet 
Total 

G 

D 

G 

D 

G 

D 

G 

D 

G 

D 

G 

D 

G 

D 

G 

D 

G   D 

G 

D 

G 

D 

G 

D 



REMARKS: 

PS   =   phenological   stage,    G  =   green-weight,    D  =   dry-weight 
Figure  3.  — Data  form  for  the  harvest  method. 
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Figure  4.— Volume  projection  of  a  sample  quadrat.  Record  only  the 
weights  of  portions  of  plants  Inside  the  imaginary  cylinder. 
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Double-Sampling  by  the  Weight-Estimate 
Method 

Double-sampling  using  the  weight-estimate  method  entails 
estimating  vegetation  production  in  a  majority  of  the  quadrats 
sampled  and  both  estimating  and  harvesting  production  in  the 
remainder  of  the  quadrats  sampled.  This  method  allows  the 
estimates  of  all  the  quadrats  sampled  to  be  corrected  or  ad- 
justed for  estimator  error  by  techniques  such  as  regression. 
Although  this  method  may  lack  some  of  the  precision  and 
accuracy  obtainable  through  the  harvest  method,  it  increases 
sampling  efficiency  or  decreases  the  time  and  cost  involved  in 
sampling,  especially  when  it  is  desirable  to  obtain  production 
values  by  species.  The  increase  in  sampling  efficiency  may  sub- 
sequently permit  the  sampling  of  a  larger  number  of  quadrats. 

If  the  investigator  chooses  double  sampling  by  the  weight- 
estimate  method,  certain  precautions  need  to  be  taken. 


Estimators  require  considerable  training  and  must  constantly 
check  the  accuracy  of  their  own  estimates  if  reliable  data  are  to 
be  obtained.  There  is  some  indication  that  estimates  may 
generally  be  higher  than  actual  values  for  quadrats  with  small 
yields  and  lower  than  actual  values  for  quadrats  with  large 
yields.  This  means  that  the  relationship  between  the  estimated 
and  actual  clipped  weights  is  probably  linear  only  to  a  certain 
weight  limit.  This  weight  limit  may  be  in  the  range  of  100  to 
120  grams  per  area  of  quadrat  (Bonham  and  others  1980).  It 
may  therefore  be  advisable  to  use  smaller  quadrats  when  using 
the  weight-estimate  method. 

Probably  the  most  reliable  method  of  weight  estimation  in- 
volves the  consistent  use  of  weight-units.  The  weight-unit  con- 
sists of  a  representative  part  of  the  vegetation  being  sampled, 
such  as  a  bunch  of  grass  or  a  branch  of  a  shrub.  Two  closely 
comparable  weight-units  of  the  same  species  are  selected  and 
the  vegetation  production  of  one  is  stripped  or  removed, 
weighed,  and  recorded.  The  remaining  unit  is  then  used  as  a 
comparison  for  counting  the  number  of  similar  units  within  the 
sampling  quadrat.  The  number  of  estimated  units  within  the 
quadrat  is  multiplied  by  the  recorded  weight  of  the  production 
removed  from  the  stripped  weight-unit  to  obtain  the  total 
estimated  green  weight.  This  procedure  is  repeated  for  each 
species  in  the  quadrat.  The  same  weight-units  can  be  used  in 
every  quadrat  as  long  as  they  represent  the  same  growth  form. 


Estimators  must  be  trained  in  the  techniques  of  weight  esti- 
mation. This  involves  clipping  and  weighing  species  within 
practice  quadrats  immediately  after  the  entire  quadrat  has  been 
estimated,  and  then  adjusting  individual  estimation  techniques. 
Ideally,  an  estimator  would  be  within  10  percent  of  the  actual 
clipped  value  for  each  species. 

The  procedural  steps  used  for  double  samphng  by  the 
weight-estimate  method  are  identical  to  those  outlined  under 
the  harvest  method  except  for  the  following  differences: 

1 .  The  green-weight  production  within  all  quadrats  is  esti- 
mated prior  to  harvesting.  An  example  of  a  data  form  for  the 
weight -estimate  method  is  shown  in  figure  5. 

2.  The  numbers  of  the  quadrats  to  be  clipped  are  chosen 
from  a  random  numbers  table. 

3.  Exact  quadrat  locations  should  be  marked  and  flagged 
after  estimation  so  that  they  can  be  returned  to  for  clipping. 
Vegetative  inaterial  not  included  within  the  quadrat  should  be 
trimmed  away  from  the  quadrat  frame  in  order  to  make  quad- 
rat relocation  easier. 

4.  Species  not  included  within  the  clipped  quadrats  but  en- 
countered within  the  estimated  quadrats  should  be  clipped  from 
quadrats  in  which  they  do  occur  so  that  dry-weight  conversion 
and  estimator-error  correction  factors  can  be  obtained. 

5.  To  insure  consistency  and  prevent  bias,  all  quadrats 
within  a  sample  should  be  estimated  by  the  same  person.  The 
estimator  should  not  be  allowed  to  see  the  clipped  weights  of 
any  quadrats  within  the  sample  until  all  plots  have  been 
estimated. 


The  calculations  for  deriving  dry-weight  production  values 
from  weight-estimate  data  are  more  involved  than  those  for 
harvest  data.  The  estimated  green-weight  values  are  corrected 
for  estimator  error  and  then  adjusted  to  dry-weight  values. 

Two  methods  are  available  that  use  the  actual  and  estimated 
green-weight  values  to  adjust  for  estimator  error.  The  first 
method  derives  a  correction  factor  for  each  species  by  dividing 
the  summed  actual  clipped  weights  by  the  summed  estimated 
weights  of  the  corresponding  quadrats. 

^        »•      f    »  ^  clipped  weight 

Correction  factor  =  = — ^ .      .  . — 

L  estimated  weights 

The  correction  factor  is  multiplied  by  the  individual  species 
value  for  each  quadrat,  or  by  the  total  species  value  summed 
for  all  of  the  quadrats. 

A  second  method  involves  the  use  of  regression  to  obtain  a 
predictive  equation  from  which  estimated  weights  can  be  ad- 
justed. Individual  species  green-weight  values  for  each  quadrat, 
or  individual  quadrat  values  summed  for  all  species,  can  be 
used  for  the  clipped  quadrats  and  their  corresponding  estimated 
quadrats.  While  the  use  of  quadrat  values  summed  for  all 
species  is  not  as  accurate  as  the  use  of  individual  species  values, 
it  may,  however,  be  difficult  to  obtain  an  adequate  sample 
number  for  a  regression  for  each  individual  species.  In  addi- 
tion, calculating  regressions  for  each  species  could  potentially 
be  time  consuining. 

An  example  given  by  Pieper  (1973)  is  expanded  upon  here  to 
illustrate  the  calculations  involved.  The  estimated  weights  are 
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considered  the  independent  variable  (X)  and  the  clipped  weights 
are  considered  the  dependent  variable  (Y).  In  this  example, 
every  five  quadrats  were  estimated,  clipped,  and  weighed: 


Estimated 

Actual 

weight  (g) 

clipped  weight 

90 

75 

110 

65 

40 

60 

100 

— 

120 

— 

60 

— 

75 

— 

115 

120 

and  so  forth 

The  pairs  of  actual  and  estimated  weights  obtained  are  shown 
in  table  3,  where  X\  Y^  and  XY  are  given. 

Table  3. — Clipped  (X)  and  estimated  (Y)  production  values  and 
corresponding  values  of  X',  Y\  and  XY 


(clipped) 

(est.) 

X 

X^ 

Y 

Y' 

XY 

60 

3,600 

40 

1,600 

2,400 

120 

14,400 

115 

13,225 

13,800 

100 

10,000 

95 

9,025 

9,500 

65 

4,225 

75 

5,625 

4,875 

95 

9,025 

80 

6,400 

7,600 

60 

3,600 

75 

5,625 

4,500 

100 

10,000 

110 

12,100 

1 1 ,000 

95 

9,025 

120 

14,400 

11,400 

85 

7,225 

60 

3,600 

5,100 

90 

8,100 

75 

5,625 

6,750 

120 

14,400 

115 

13,225 

13,800 

V 

990 

93,600 

960 

90,450 

90,725 

Mean 

90 

87 

The  first  step  is  to  calculate  the  corrected  sums  of  squares 
and  products.  The  corrected  sum  of  squares  for  X: 


n 

Ex' 

n 

=  EX^  - 

(EX)^ 
n 

=  90,450 

(960)^ 
11 

=  6,668 

The  corrected  sum  of  squares  for  Y 

n 

Lr 

n 
=  E  Y^  - 

(EY)^ 
n 

=  93,600 

(990)' 
n 

=  4,500 

The  corrected  sum  of  products: 

Exy  =  E  (XY) 


=  90,725 


(EX)  (EY) 


(990)  (960) 
11 


b    = 


=  4,325 
The  equation  for  a  straight  line  is  Y  =  a  +  bX.  Use  of  the 
equation  requires  the  assumption  of  a  linear  relationship  be- 
tween estimated  weights  and  clipped  weights.  In  the  equation,  a 
and  b  are  constants  or  regression  coefficients  that  must  be 
estimated.  According  to  the  principle  of  least  squares,  the  best 
estimates  of  these  coefficients  are: 
EXY 
Ex' 
4.325 
"6,668 
=  0.65 
a    =  Y  -  bX 
=  90  -  0.65(87) 
=  33.4 
These  estimates  can  be  used  in  the  general  equation  to  obtain 

Y  =  33.4  +  0.65X 
By  substituting  the  estimated  weights  for  x,  a  predicted  or  ad- 
justed value  can  be  obtained  for  each  quadrat  or  species.  This 
value  will  be  used  in  all  subsequent  mathematical  computations. 

UTILIZATION  SAMPLING 

Utilization  or  use  is  defined  in  the  SRM  Glossary  of  Terms 
as  "the  proportion  of  current  year's  forage  production  that  is 
consumed  or  destroyed  by  grazing  animals."  If  utilization  has 
occurred  before  sampling,  it  will  be  necessary  to  adjust  the 
harvested  or  estimated  production  figures  to  their  original 
values  before  grazing.  Several  methods  have  been  developed  to 
measure  utilization,  but  the  majority  have  been  developed  for 
grass  species  (see  Pieper  1973).  Although  this  information  is 
equally  valuable  for  shrub  species,  shrubs  have  been  largely 
neglected  due  to  the  difficulties  involved  in  finding  suitable 
methodology  for  measuring  utilization  of  their  heterogenous 
growth  form. 

The  estimation  of  percent  utilization  for  grasses,  forbs,  or 
shrubs  introduces  additional  error  into  the  final  production 
values  obtained.  The  use  of  exclosures  or  the  deferment  of 
grazing  until  after  samphng  would  eliminate  this  source  of  error 
in  areas  grazed  by  livestock. 

Included  here  are  a  height-weight  method  for  use  with 
grasses  and  forbs,  and,  for  shrubs,  a  discussion  of  the  method 
of  twig  diameter  and  length  of  twig  removed. 

Height-Weight  Method  for  Grasses 

One  of  the  most  frequently  used  methods  for  determining 
percent  utilization  is  based  upon  height-weight  relationships. 
This  method  requires  that  the  relationship  between  the  amount 
of  height  removed  and  the  corresponding  amount  of  weight 
removed  be  determined  for  the  grass  and  forb  species  under 
study.  As  shown  for  black  grama  in  figure  6,  this  is  seldom  a 
linear  relationship  in  grasses  because  the  majority  of  the  weight 
of  a  grass  plant  is  at  the  base  of  the  plant  in  its  basal  leaves. 
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Figure  6.— Height-weight  relationship  for  a 
22-inch  black  grama  plant  (from  Pieper  1973). 

Extreme  variation  can  exist  in  the  height-weight  relationships  of 
different  species  of  forbs. 

The  necessary  height-weight  relationships  for  the  various 
species  must  be  determined  from  ungrazed  plants  before  sam- 
pling. This  can  be  done  in  the  field  as  a  training  excercise  for 
estimators,  and  if  desired,  a  table  of  height-weight  relationships 
similar  to  table  4  can  be  constructed.  For  training  individuals  to 
estimate  percent  utilization,  cumulative  percent  height  and 
cumulative  percent  weight  give  the  most  relevant  height-weight 
relationships. 

If  it  is  known  that  grazing  will  precede  sampling,  cages 
should  be  installed  to  protect  a  sufficient  number  of  plants  for 
determining  height-weight  relationships  and  for  training  esti- 
mators. The  general  procedure  for  determining  height-weight 
values  is  to  clip  a  number  of  plants  (say,  1 0)  into  1  -  or  2-inch 


Adjusted  total  production 


(2.5-  or  5-cm)  segments  either  in  the  field  or  in  the  lab.  If  the 
plants  are  taken  into  the  lab,  a  convenient  method  for  grasses 
is  to  tie  individual  plants  with  string  at  the  desired  increments 
and  clip  them  at  ground  level.  After  the  individual  increments 
have  been  separated  and  weighed,  the  height-weight  relation- 
ships are  determined.  This  information  is  used  by  the  estimator 
to  determine  the  percent  of  utilization  by  species  for  each  indi- 
vidual sampling  quadrat.  If  the  harvest  method  is  used,  percent 
utilization  must  be  estimated  and  recorded  before  clipping. 
When  the  weight-estimate  method  is  used,  production  is  esti- 
mated on  the  basis  of  the  amount  of  vegetation  material  in  the 
quadrat  at  the  time  of  estimation.  Adjusted  total  production 
values  are  calculated  from  estimated  or  clipped  green-weight 
values  and  percent  utilization. 

Estimated  or  clipped  weight 
100-percent  utilization 

Percent  utilization  is  determined  on  a  green-weight  basis,  and 
the  calculation  of  adjusted  total  production  precedes  the  com- 
putation of  predicted  or  adjusted  green  weight  and  dry  weight. 

Shrub  Utilization 

Statistically  reliable  techniques  for  correcting  sampled  shrub 
production  to  total  production  after  utilization  currently  do  not 
exist.  The  following  section  discusses  methods  that  have  been 
used,  their  weaknesses,  and  their  application  to  sampling  of 
revegetated  and  reference  areas. 

The  majority  of  the  literature  on  utilization  of  shrub  species 
has  dealt  with  developing  methods  for  determining  the  percent 
use  of  the  most  recent  twig  growth,  or  leaders,  of  the  key 
browse  species  utilized  by  big-game  ungulates  and  livestock. 
Strong  correlations  exist  between  twig  diameter  and  weight  and 
length  (Smith  and  Umess  1%2;  Basile  and  Hutchings  1966;  and 
Jensen  and  Umess  1980).  If  the  relationship  between  twig 
diameter  and  weight  or  twig  length  and  weight  is  known,  it  is 
possible  to  determine  the  percent  utilization  by  weight  from 
(1)  twig  tip  diameter,  basal  diameter,  and  browsed-tip  diameter, 
or  (2)  the  original  leader  length  and  the  leader  length  after 
browsing.  The  problem  with  using  twig  reduction  methods  as 
an  index  to  utilization  is  that  leaves  that  are  removed  from 
other  portions  of  the  plant,  and  twigs  that  are  stripped  but  not 


Table  4. — Height-weight  relationship  of  a  22-inch  black  grama  plant  on  the  college  ranch 
(Pieper  1973) 


Cumulative 

Cumulative 

Height 

Increment 

Weight 

Height 

height 

Weight 

weight 

Inches 

Grams 

Percent 

19.8-22.0 

2.2 

0.2 

0.10 

10 

0.32 

0.32 

17.6-19.8 

2.2 

.4 

10-20 

20 

.63 

.95 

15.4-17.6 

2.2 

.6 

20-30 

30 

.95 

1.90 

13.2-14.4 

2.2 

1.0 

30-40 

40 

1.58 

3.48 

11.0-13.2 

2.2 

2.0 

40-50 

50 

3.17 

6.65 

8.8-11.0 

2.2 

3.8 

50-60 

60 

6.02 

12.67 

6.6-11.0 

2.2 

7.5 

60-70 

70 

11.88 

24.55 

4.4-6.6 

2.2 

11.6 

70-80 

80 

18.37 

42.92 

3.3-4.4 

1.1 

6.2 

80-85 

85 

9.82 

52.74 

2.2-3.3 

1.1 

8.1 

85-90 

90 

12.83 

65.57 

1.1-2.2 

1.1 

10.2 

90-95 

95 

16.16 

81.73 

0-1.1 

1.1 
22.0 

11.6 
63.1 

95-100 

100 

1822 
99.95 

99.95 
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removed,  are  not  taken  into  account.  The  relationship  between 
twig  diameter  and  weight  and  length  varies  greatly  among 
species,  and  it  is  necessary  to  develop  separate  regressions  for 
each  species. 

If  the  investigator  does  find  it  necessary  to  adjust  for  shrub 
utilization,  the  twig  diameter  or  length  of  twig  removed 
methods  for  shrubs  can  be  used.  For  detailed  descriptions  of 
these  methods,  refer  to  the  above  literature  citations.  The 
generalized  procedures  for  this  particular  sampling  situation  are 
given  here. 

Regression  equations  in  which  twig  diameter  or  twig  length 
was  the  independent  variable  and  twig  weight  was  the  depend- 
ent variable  would  be  developed  by  species.  It  may  be  possible 
to  obtain  the  required  measurements  for  developing  the  regres- 
sions from  ungrazed  twigs  or  leaders.  However,  to  insure  an 
adequate  sample  size,  it  is  advisable  to  cage  or  exclose  several 
(10)  individuals  of  the  key  use  species  prior  to  grazing. 
Measurements  of  either  the  remaining  leader  length  or  the 
browsed-tip  diameter  and  basal  diameter  would  be  taken  for 
each  sample  quadrat  in  which  the  shrub  species  had  been  util- 
ized. This  data  would  then  be  used  in  the  appropriate  regres- 
sion equation  to  obtain  a  predicted  or  adjusted  total  production 
value. 

COVER  SAMPLING  CONCEPTS 

Ground  cover  is  defined  in  the  regulations: 
Ground  cover  is  the  area  of  ground  covered  by  the 
combined  aerial  parts  of  vegetation  and  the  litter  that  is 
produced  naturally  on  site,  expressed  as  a  percentage  of 
the  total  area  of  measurement  (CFR  816. 1 16(d)(3)). 
Aerial  parts  can  be  interpreted  as  all  aboveground  living  plant 
material.  Figure  7  depicts  the  difference  between  aerial  cover  or 
maximum  spread  of  the  foliage  and  basal  area.  Standing  dead 
material,  other  than  current  year's  growth,  should  be  included 
in  the  litter  category  as  should  dead  fallen  organic  material. 
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Figure  7.—Aristida  purpurea  (left)  and 
Bouteloua  gracilis  showing  the  difference 
between  maximum  spread  of  the  fohage 
(aerial  cover)  and  basal  area. 


Comparison  of  the  cover  of  a  revegetated  area  to  an  ap- 
proved standard  will  require  sampling  the  revegetated  area  with 
the  same  methods  and  units  of  measure  that  were  used  to 
establish  the  standard.  Cover  data  may  be  collected  by  species 
or  life-form,  but  should  be  consistent  with  production  and 
diversity  methodology. 

In  addition  to  hving  plant  material  and  litter,  bare  ground, 
gravel  0.25  to  3  inches  (0.6  to  7.6  cm),  and  rock  >  3  inches 
(7.6  cm)  will  be  recorded.  They  require  little  extra  effort  and 
provide  important  site  information  because  they  contribute  to 
soil  surface  protection  from  raindrop  impact  and  other  ero- 
sional  processes. 

Cover  is  only  a  valid  comparative  measure  when  both  the 
reference  and  the  revegetated  areas  have  received  equal  levels  of 
utilization  or  none  at  all. 

COVER  SAMPLING  METHODOLOGY 

Numerous  methods  are  available  for  estimating  vegetation 
cover  (see  Pieper  1973).  Several  studies  have  shown  that  the 
point-quadrat  and  line-intercept  methods  are  generally  the  most 
accurate  in  estimating  the  actual  cover  of  herbaceous  and 
shrubby  vegetation.  They  exhibit  reasonably  low  variability  be- 
tween sample  quadrats.  A  relatively  recent  innovation  with  a 
high  degree  of  accuracy  involves  determining  cover  from  35mm 
slides  of  individual  sample  quadrats.  An  accurate  and  efficient 
method  for  estimating  basal  area  of  tree  stands  is  Bitterlich's 
variable  radius  method.  The  methodology,  specific  use,  and 
limitations  of  these  three  methods  are  given  here.  Determina- 
tion of  the  number  of  samples  necessary  to  achieve  statistical 
adequacy  is  explained  in  the  section  on  statistics.  Locating 
samples  within  the  sampling  unit  should  be  based  upon  one  of 
the  schemes  outlined  in  the  section  on  random  sampling 
schemes. 

Point-Quadrat  Method 

The  point-quadrat  method  can  be  used  as  a  nondestructive 
method  for  determining  aerial  and/or  basal  cover  and  the 
layers  of  vegetation  cover  within  a  community.  (An  example 
data  form  is  shown  in  figure  3.)  The  methods  used  are  as 
follows: 

1 .  A  point  or  pin  frame  with  multiple  pins  ( 10  are  frequently 
used)  is  randomly  located  within  the  sampling  units  (see  fig.  8). 


Figure  8.— A  point  frame  device. 
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2.  The  individual  sharpened  pins  are  lowered  down  through 
the  vegetation  canopy.  Each  contact  with  the  pinpoint  is 
recorded  by  species  or  growth-form  (see  fig.  9).  If  a  pin  hits  the 
same  species  more  than  once,  only  the  first  contact  is  recorded. 


Basal  hits  are  recorded  by  species  or  growth-form  or  as  bare 
ground,  gravel,  rock,  litter,  and  moss  or  lichens.  Depending 
upon  the  information  desired,  the  investigator  may  record  only 
the  first  vegetation  contact  and/or  the  basal  hit. 


Site  Name 
Date 


Location 


Sample  size 


Investigators 


W  -- 


GROUND  COVER  DATA 


BASAL       CATEGORY 

DOT 

COUNT 

NO. 

B   Bare  Ground 

P   Persistent  Litter 

N   Non-Persistent  Litter 

G   Gravel  (2mm- 3") 

R   Rock  (>3") 

Record  ground  cover  category  and/or  species  symbol  of  each  successive  hit, 
on  ground  cover  need  only  be  recorded  above. 


Single  hits 


BASAL 

CANOPY  1 

CANOPY  2 

CANOPY  3 

DOT 

COUNT  NO. 

BASAL 

CANOPY  1 

CANOPY  2 

CANOPY  3 

DOT 
COUNT  NO. 

TOTAL  NUMBER  POINTS                         TOTAL  NUMBER  POINTS 

Work  Area/Remarks 


Figure  9.— Data  form  for  the  point  quadrat  method. 
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3.  The  sample  size  required  to  obtain  statistical  adequacy  is 
usually  100  to  300  pins.  A  method  for  determining  the  exact 
sample  size  is  given  in  the  section  on  statistics. 

4.  The  data  are  summarized  either  by  frame  (the  10  pins)  or 
by  transect  for  statistical  analysis. 

5.  Several  cover  values  can  be  derived  from  this  information: 

a.  Percent  aerial  cover  for  each  species  or  life-form 
equals  the  sum  of  all  first  hits  on  that  species  or  life-form 
divided  by  the  sum  of  all  first  hits  on  vegetation,  plus  first  hits 
on  bare  ground,  gravel,  rock,  litter,  and  moss  or  lichens. 

b.  Percent  total  aerial  cover  equals  the  sum  of  all  first 
hits  on  vegetation  divided  by  the  sum  of  all  first  hits  on  vegeta- 
tion plus  all  first  hits  on  bare  ground,  gravel,  rock,  litter,  and 
moss  or  lichens.  Values  for  the  individual  components  of  basal 
cover  (vegetation,  bare  ground,  rock,  gravel,  litter,  and  moss  or 
lichens)  can  be  calculated  in  a  similar  manner. 

c.  The  percent  vegetation  cover  by  species  equals  the  total 
number  of  canopy  hits  by  species  or  life-form  divided  by  the 
total  number  of  canopy  hits. 

Additional  considerations  for  point-quadrat  sampling  are: 

1.  The  frame  should  be  held  vertically  for  measuring  cover. 
Frames  placed  at  an  angle  may  result  in  an  increase  in  the 
number  of  interceptions  and  in  an  overestimate. 

2.  The  dimensions  of  the  frame  should  accommodate  the 
height  and  spacing  of  the  plants  to  be  sampled.  A  typical  frame 
is  3  ft  (0.9  m)  high  and  3  ft  (0.9  m)  long  with  wire  pins  or  steel 


rods  placed  4  inches  (10  cm)  apart  and  the  same  length  as  the 
legs.  It  should  have  two  guide  bars  to  slide  the  pins  through  to 
minimize  sample  bias. 

3.  The  pin  or  rod  must  be  sharp,  as  dull  or  blunt  pins  may 
result  in  an  overestimate. 

4.  This  method  cannot  be  used  when  vegetation  is  moving  in 
the  wind. 

5.  The  frame  should  be  built  so  that  the  pinpoint  does  not 
vibrate  when  the  pins  are  moved. 

This  method  is  best  suited  for  sampling  normally  sized  8  to 
20  inches  (20  to  50  cm)  tall,  herbaceous  or  dwarf  shrub  vegeta- 
tion. It  should  not  be  used  in  shrubby  vegetation. 

Line-Intercept  Method 

The  line-intercept  method  can  be  used  to  measure  aerial 
cover  of  plants  with  fairly  solid  crown  cover  (almost  100  per- 
cent) or  relatively  large  basal  areas.  It  is  best  suited  for  meas- 
uring aerial  cover  of  woody  plants,  shrubs,  and  trees.  (A 
suggested  data  form  is  presented  in  figure  10.)  The  methodol- 
ogy is  as  follows: 

1 .  A  line  of  predetermined  length,  preferably  a  tape  meas- 
ure, is  stretched  tightly  across  the  vegetation.  The  line  should 
be  objectively  located.  The  best  sampling  procedure  is  the 
stratified-random  sample  using  a  base  line  and  perpendicular 
transects. 


Site  Name 

Date 

Line  Length 


Location 


Investigators 


Data  Sheet  No. 
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Figure  10.— Data  form  for  the  line  intercept  method. 
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Figure  11.— Use  of  the  line  intercept  method. 


2.  The  canopy  intercept  of  each  species  along  the  line  is 
measured  from  the  tape  or  with  a  rule.  This  procedure  is 
shown  in  figure  11 .  If  the  canopies  overlap  in  layered  veg- 
etation, it  may  be  desirable  to  measure  each  height  layer 
separately. 

3.  Transect  lines  should  be  between  35  and  350  ft  (10  m  and 
100  m)  in  length.  Many  short  lines  are  generally  preferred  to  a 
few  long  lines.  A  minimum  of  about  5  to  10  transects  are  usu- 
ally required  for  an  adequate  sample.  (Determinination  of  an 
exact  sample  size  is  explained  under  the  section  on  statistics). 

4.  Data  are  summarized  by  transect  line  for  statistical 
analysis. 

5.  Percent  cover  is  calculated  for  each  transect  by  species. 
The  length  intercepted  by  a  species  is  divided  by  the  transect 
length  and  multiplied  by  100.  The  percent  cover  of  a  species  by 
sampling  unit  is  determined  by  dividing  the  sum  of  the  individ- 
ual transect  lengths  intercepted  by  the  total  transect  length  sam- 
pled then  multiplying  by  100. 

Special  considerations  for  this  method  are: 

1 .  The  line-intercept  method  should  only  be  used  for  vegeta- 
tion with  well-defined  canopies.  In  mixed  communities  of 
grasses  and  shrubs,  it  may  be  desirable  to  use  the  point-quadrat 
method  for  herbaceous  vegetation  and  the  line-intercept  method 
for  shrubs.  The  point-quadrat  frames  could  be  randomly 
located  along  the  transect  line  used  to  measure  shrub  cover. 

2.  Data  must  be  clearly  recorded  so  that  each  shrub  intercep- 
tion can  be  separated.  It  may  be  desirable  to  add  additional 
lines  for  recording  values  to  the  line-intercept  data  form. 

3.  If  the  canopies  of  individual  plants  are  not  always  solid, 
their  interception  along  the  tape  should  be  consistently  inter- 
preted. For  example,  when  a  shrub  has  bushy  branches  that 
reach  across  the  tape  with  gaps  in  between,  the  gaps  should  not 
be  measured.  Small  within-plant  gaps  are  best  ignored. 


35min  Slide  Method 

The  35mm  slide  method  is  an  accurate  means  of  determining 
the  aerial  cover  of  vegetation.  Individual  sample  quadrats  are 
first  photographed  in  the  field.  Later,  the  percent  of  the 
quadrat  covered  is  determined  from  a  grid  onto  which  the 
developed  slide  is  projected.  The  methods  used  are  as  follows: 

1 .  Sample  quadrats  are  randomly  located  in  the  sample  area 
using  any  one  of  the  random  sampling  schemes  previously 
described.  The  same  quadrats  used  to  photograph  cover  can  be 
used  to  sample  production,  but  cover  must  be  photographed 
before  production  is  sampled. 

2.  The  quadrat  is  labeled  according  to  the  location,  date, 
and  quadrat  number.  Labeling  can  be  accomplished  with  indi- 
vidual cards  for  each  quadrat,  or  a  film  imprinting  system  such 
as  the  Recordata  Back  available  for  Olympus  cameras  can  be 
used. 

3.  A  tripod  and  camera  bar  are  used  to  position  the  camera 
vertically  over  the  center  of  the  quadrat.  A  camera  bar  can  be 
constructed  that  mounts  on  the  tripod  perpendicular  to  the 
ground.  On  one  end  of  the  bar  a  screw-mount  for  attaching  the 
camera  can  be  positioned.  On  the  other  end  of  the  bar  a 
counter-weight  equivalent  to  the  weight  of  the  camera  can  be 
affixed. 

The  size  of  the  camera  lens  used  should  be  determined  by  the 
size  of  the  quadrat .  When  viewed  through  the  lens,  the  quadrat 
should  encompass  the  majority  of  the  area  outlined  in  the  lens 
without  distortion. 

4.  The  focus,  lens  aperture,  and  shutter  speed  is  adjusted  for 
each  quadrat  and  the  photograph  is  taken. 

Analysis  of  the  processed  film  proceeds  as  follows: 

5.  The  slide  is  projected  onto  a  grid  with  100  squares.  The 
vertical  and  horizontal  axes  of  the  grid  must  have  the  same 
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proportionate  lengths  as  the  vertical  and  horizontal  axes  of  the 
quadrat  frame.  The  slide  projector  is  adjusted  so  that  the  area 
within  the  quadrat  exactly  matches  that  within  the  grid. 

6.  The  number  of  grid  squares  covered  by  vegetation,  litter, 
bareground  rock,  and  gravel  are  counted.  The  number  of 
squares  counted  is  equivalent  to  the  percent  of  each  cover 
category  within  the  sample  grid. 

In  sparse  communities  where  individual  plants  can  be  iden- 
tified from  the  slide,  it  may  be  possible  to  obtain  percent  cover 
by  species. 

7.  Data  are  summarized  by  quadrat  for  statistical  analysis. 
Percent  cover  values  can  be  derived  for  each  of  the  cover 
categories  (total  vegetation  litter,  bareground  rock,  and  gravel). 
In  some  cases  percent  cover  can  also  be  determined  for  life 
forms  and  or  species. 

Other  considerations  for  the  use  of  this  method  are: 

1.  The  35mm  slide  method  is  not  well  suited  to  sampling 
schemes  that  involve  large  quadrat  sizes.  Quadrats  larger  than 
about  0.5  m-  cannot  easily  fit  within  the  area  encompassed  by 
standard  lens  sizes. 

2.  This  method  is  not  well-suited  to  tall  vegetation  (over 

1  m).  In  mixed  communities  of  grasses  and  shrubs  the  35mm 
slide  method  can  be  used  to  assess  grass  and  forb  cover,  and 
the  line-intercept  method  can  be  used  to  evaluate  shrub  cover. 

Bitterlich's  Variable  Radius  Method 

The  Bitterlich  method  is  an  efficient  means  of  obtaining 
basal  area  and  density  of  tree  species.  It  is  a  plotless  method  of 
selecting  sample  trees  on  the  basis  of  size  rather  than  frequency 
of  occurrence.  (See  Hovind  and  Rieck  1970;  Mueller-Dombois 
and  Ellenburg  1974;  Dilworth  1964;  and  Avery  1%7.)  A  point 
sample  is  used  and  trees  are  selected  for  tallying  with  the  use  of 
an  optical  wedge,  prism,  or  angle  gage.  The  probability  of 
tallying  any  given  tree  is  proportional  to  its  stem  basal  area 
(BA).  Trees  may  be  thought  of  as  being  encircled  by  imaginary 
zones  proportional  to  stem  diameter.  These  zones  determine 
which  trees  are  tallied  (see  fig.  12).  The  sighting  angle  used  is 
based  upon  the  average  size  and  distribution  of  the  trees  in  the 
stand.  Each  sighting  angle  has  a  corresponding  basal  area  con- 
version factor  (BAF),  which  allows  the  calculation  of  basal  area 
and  density.  Table  5  lists  the  common  basal  area  factors  and 
angle  sizes  used  in  point  sampling.  An  example  data  form  is 
presented  in  figure  13.  The  methods  used  are  as  follows: 

1 .  Trees  are  tallied  in  a  complete  circle  around  the  in- 
vestigator using  an  optical  wedge,  prism,  or  angle  gage  of  a 
preselected  basal  area  factor  (BAF)  by  2-inch  (5-cm)  diameter 
class.  Optical  wedges  or  prisms  are  held  directly  over  the  sam- 
pling point.  If  an  angle  gage  is  used,  the  crosspiece  is  held  over 


Figure  12.— Imaginary  zones  proportional  to 
stem  diameter  and  encircling  each  tree  deter- 
mine which  trees  will  be  tallied  at  a  given 
point  (from  Hovind  and  Rieck  1970). 

Table  5.— Common  basal  area  factors  and  angle  sizes  used  in 
point  sampling 


Basal 

Ratio  (tree 

area 

Angle  size, 

Angle  size, 

diameter  to 

Plot  radius 

factor 

min 

diopters 

plot  radius) 

factor 

1 

32.94 

0.96 

1/104.4 

8.696 

2 

46.59 

1.36 

1/73.8 

6.149 

3 

57.06 

1.66 

1/60.2 

5.021 

4 

65.89 

1.92 

1/52.2 

4.348 

5 

73.66 

2.14 

1/46.7 

3.889 

10 

104.18 

3.03 

1/33.0 

2.750 

15 

127.59 

3.71 

1/26.9 

2.245 

20 

147.34 

4.29 

1/23.3 

1.944 

25 

164.73 

4.79 

1/20.9 

1.739 

30 

180.46 

5.25 

1/19.0 

1.588 

35 

194.92 

5.67 

1/17.6 

1.470 

40 

208.38 

6.07 

1/16.5 

1.375 

50 

232.99 

6.79 

1/14.8 

1.230 

60 

255.23 

7.44 

1/13.5 

1.123 

From  Hovind  and  Rieck  1970. 
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NO    TALLY 


ITALLY 


BORDERLINE 
s TALLY  EVERY   OTHER    ONE 


Figure  14.— Use  of  the  optical  wedge  or  prism  for  point  sampling  (from  Avery 
1967). 


the  point.  When  using  the  wedge  or  prism,  a  tree  is  counted 
when  its  stem  is  not  completely  offset  when  viewed  through  the 
wedge.  All  other  trees  are  ignored  (see  fig.  14).  If  a  stick-type 
angle  gage  is  used,  all  trees  larger  than  the  defined  angle  (cross- 
piece)  are  counted  and  those  that  are  smaller  are  ignored.  In 
both  cases,  borderline  trees  should  be  tallied  as  a  half  tree. 

Trees  should  be  tallied  by  species.  All  trees  should  be  sighted 
at  breast  height.  The  same  tree  may  be  tallied  from  two  differ- 
ent sample  points;  however,  points  should  be  spaced  widely 
enough  so  this  occurs  infrequently. 

2.  In  sloping  terrain,  compensation  must  be  made  for  the  ef- 
fect slope  has  in  decreasing  the  sighting  angle.  There  is  no 
method  available  for  correcting  for  slope  with  the  stick-type 
angle  gage.  An  abney  or  clinometer  can  be  used  in  correcting 
for  slope  when  using  the  optical  wedge  or  prism.  If  an  abney  is 
used,  the  slope  angle  is  measured  and  "locked  in."  The  abney 
is  then  held  level,  the  prism  or  optical  wedge  is  placed  on  the 
sloping  angle  of  the  abney,  and  trees  are  tallied  while  viewing 
the  prism  or  wedge  held  on  the  sloping  angle.  When  a  clinom- 
eter is  used,  the  slope  is  determined  and  the  clinometer  is  held 
at  the  angle  of  the  slope.  The  prism  or  optical  wedge  is  placed 
on  the  sloping  angle  of  the  clinometer,  and  trees  are  tallied 
from  this  angle.  Each  tree  to  be  tallied  requires  a  new  measure- 
ment of  slope. 

An  instrument  that  can  be  used  instead  of  the  wedge,  prism, 
or  angle  gage  and  that  automatically  corrects  each  angle  for 
slope  is  the  Spiegal  relascope.  Sighting  angles  aire  provided  for 
basal  area  factors  of  5,  10,  20,  or  40.  The  convenience  of  the 


Spiegal  relascope  may  be  outweighed  by  its  expense,  however, 
and  it  does  not  have  the  optical  qualities  for  good  visibility  on 
dark  and  rainy  days. 

3.  The  number  of  trees  tallied  will  be  dependent  upon  the 
BAF  and  its  corresponding  sighting  angle.  The  average  size  and 
distribution  of  the  trees  in  the  sample  unit  determine  the  selec- 
tion of  a  BAF.  A  sampling  unit  with  numerous  small  trees 
should  be  sampled  with  a  narrow  sighting  angle  (small  BAF).  A 
narrow  sighting  angle  extends  a  greater  distance  to  include  trees 
of  smaller  diameter  (see  fig.  15).  In  stands  with  large  tree 
diameters,  the  angle  is  increased  (large  BAF)  to  prevent  ex- 
tremely large  tallies.  The  BAF  is  normally  selected  so  that  5  to 
12  trees  will  be  tallied  at  each  sample  point. 

The  BAF  is  determined  for  stick-type  angle  gages  by  the 
width  of  the  crosspiece  and  the  length  of  the  angle  gage  (stick). 
Table  6  gives  the  relationships  between  the  width  of  the  cross- 
piece  and  the  length  of  the  angle  gage.  It  is  possible  for  the  in- 
vestigator to  construct  angle  gages  for  a  specified  BAF  using 
these  relationships.  Such  gages  should  be  calibrated  for  each 
sampler.  (The  calibration  technique  is  described  in  a  later 
section.) 

4.  For  statistical  analysis,  the  data  should  be  summarized  by 
sample  point  regardless  of  diameter  class. 

5.  The  computations  for  determining  mean  tally,  basal  area 
(BA)  per  acre,  and  the  number  of  trees  per  acre  for  each  2-inch 
diameter  class  are: 

No.  of  trees  tallied  per  diameter  class 


Mean  tally 


Total  no.  of  sample  points 
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Figure  15.— Ratio  of  tree  diameter  to  plot 
radius  for  BAF  10  (from  Hovind  and  Rieck 
1970). 

Table  6.— Relationships  between  crossarm  and  length  of  angle 
gage 


Length  of  angle-gage 


Width  of  crossarm 


BAF  5 


BAF  10 


BAF  20 


0.25 
.30 
.35 
.40 
.45 
.50 
.55 
.60 

'.65 
.70 
.75 
.80 
.85 
.90 
.95 

1.00 


—  Inches 
11.67 
14.00 
16.33 
18.67 
21.00 
23.34 
25.67 
28.00 
30.34 
32.67 
35.00 
37.34 
39.67 
42.00 
44.34 
46.67 


8.25 
9.90 
11.55 
13.20 
14.85 
16.50 
18.15 
19.80 
21.45 
23.10 
24.75 
26.40 
28.05 
29.70 
31.35 
33.00 


5.83 
7.00 
8.17 
9.33 
10.50 
11.67 
12.83 
14.00 
15.16 
16.33 
17.50 
18.66 
19.83 
21.00 
22.16 
23.33 


BAF  5  has  a  ratio  of  1/46.67;  therefore  length  of  stick  is  4.667 
inches  per  0.1  inch  of  crossarnn. 

BAF  10  and  20  have  ratios  of  1/33  and  1/23.33;  therefore  length 
of  stick  is  3.300  inches  and  2.333  inches  per  0.1  inch  of  crossarm 
respectively. 
From  Hovind  and  Rieck  1970. 


Basal  area  per  acre  =  No.  of  trees  tallied  x  BAF 

Basal  area  per  acre 

No.  of  trees  per  acre  =   - — ; 

Basal  area  per  tree 

Total  BA  per  acre,  total  number  of  trees  per  acre,  and  mean 

tree  size  per  acre  are  calculated  as  follows: 

Total  basal  area  per  acre  =  Total  no.  trees  tallied  x  BAF 

Total  no.  trees  per  acre  =  Sum  of  no.  of  trees  per  acre  in 

each  diameter  class 

Total  basal  area  per  acre 

Mean  tree  size  per  acre  =  — — ; 

Total  no.  trees  per  acre 

An  example  of  the  summary  data  calculations  is  given  in  table 
7  and  related  information  is  found  in  table  8. 


Table  7.— Example  of  summary  data  calculations  for  the  Bitter- 
lich's  variable  radius  method.  Basal  area  factor  equals 
25 


Two-inch 

Basal 

Basal 

diameter 

Mean 

area  per 

area  per 

Trees 

class 

tally 

acre 

tree* 

per  acre 

6 

1 

25 

0.196 

127 

8 

2 

50 

.349 

143 

10 

3 

75 

.545 

138 

12 

1 

25 

.785 

32 

Total 

7 

175 

440 

Basal  area  per  acre  =  (No.  tallied  trees)  x  BAF  = 
7  X  25  =  175  ftVacre 

basal  area/acre          25 
Total  trees  per  acre  =  , , , =  ^  ^ =  127 


Mean  tree  size  per  acre  = 


•From  table  8 


basal  area/tree 
175 


440 


0.196 

-  0.3977  ft'  basal  area 

-  8.5  inches  diameter 


Additional  information  concerning  this  method  is  given 
below: 

1 .  Angle  gages,  prisms,  and  optical  wedges  are  readily  avail- 
able from  most  scientific  supply  houses,  such  as  Ben  Meadows 
Forestry,  Engineering  and  Educational  Supples,  3589  Broad 
St.,  Atlanta  (Chambiec),  GA  50366;  and  Forestry  Suppliers, 
Inc.,  205  West  Rankin  St.,  Box  8397,  Jackson,  MS  39204. 
(These  addresses  are  provided  solely  for  information  and  not 
for  advertising  purposes.) 

2.  If  angle  gages,  prisms,  or  optical  wedges  of  unknown 
quality  are  obtained  and  the  exact  BAF  is  unknown,  the  instru- 
ment must  be  calibrated.  Because  sighting  habits  of  individual 
samplers  vary,  it  is  often  desirable  to  calibrate  all  instruments 
regardless  of  price  or  supposed  precision.  Calibration  is  accom- 
plished by  placing  a  circular  target  of  known  diameter  such  as 


20 


Table  6.— Derivation  of  the  basal  area  factor  of  10  ff  per  acre  for  point  sampling 


Trees  per 

Imaginary 

Imaginary 

acre,* 

Basal  area 

Basal  area 

Tree  dbh. 

plot  radius, 

plot  size 

No.  of  stems 

per  tree 

per  acre, 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Inches 

Feet 

Acres 

-  Ft' 

4 

11.00 

0.0087 

114,94 

0.087 

10 

6 

16.50 

.0196 

54.02 

.196 

10 

8 

22.00 

.0349 

28.65 

.349 

10 

10 

27.50 

.0545 

18.35 

.545 

10 

12 

33.00 

.0785 

12.74 

.785 

10 

14 

38.50 

.1069 

9.35 

1.069 

10 

16 

44.00 

.1396 

7.16 

1.396 

10 

18 

49.50 

.1767 

5.66 

1.767 

10 

20 

55.00 

.2182 

4.58 

2.182 

10 

22 

60.50 

.2640 

3.79 

2.640 

10 

24 

66.00 

.3142 

3.18 

3.142 

10 

26 

71.50 

.3687 

2.71 

3.687 

10 

28 

77.00 

.4276 

2.34 

4.276 

10 

30 

82.50 

.4909 

2.04 

4.909 

10 

32 

88.00 

.5585 

1.79 

5.585 

10 

34 

93.50 

.6305 

1.59 

6.305 

10 

36 

99.00 

.7069 

1.41 

7.069 

10 

Method  of 

dbh  X  2.75 

irr' 

1.00 
plot  size 

0.005454D' 

column  4x5 

calculation 

43,560 

"Exact  value  for  number  of  trees  per  acre  may  vary  slightly,  depending  upon  number  of  decimal 
places  expressed  for  imaginary  plot  size. 
From  Hovind  and  Rieck  1970. 


1  ft  (0.3  m)  against  a  contrasting  background.  The  sampler 
backs  away  from  the  target  until  the  prism  or  optical  wedge  im- 
age is  displaced  as  shown  for  the  "borderline"  tree  in  figure 
14,  or  until  the  target  exactly  fills  the  sighting  angle  of  the 
stick-type  angle  gage.  The  exact  distance  to  the  target  from  the 
crosspiece  of  the  angle  gage,  or  from  the  sampler's  eye  in  the 
case  of  prisms  or  optical  wedges,  is  then  measured.  The  BAF  is 
calculated  using  the  following  formula: 

W- 

BAF  =   10,890  — 

W  is  the  diameter  (width)  of  the  circular  target  in  feet,  and 
D  is  the  distance  to  the  target  in  feet.  This  calculated  BAF  is 
then  used  in  all  subsequent  computations. 

STOCKING  RATE  (DENSITY)  SAMPLING 

The  Federal  regulations  state  that  areas  revegetated  with  trees 
or  shrubs  will  have  a  minimum  stocking  rate  of  450  trees  or 
shrubs  per  acre  (1  125/ha).  Areas  developed  for  fish  and  wild- 
life management  and  permit  areas  of  40  acres  (16  ha)  or  less 
have  slightly  different  requirements.  Refer  to  the  regulations 
from  the  Federal  Register  in  appendix  I  for  the  specific  require- 
ments for  these  situations. 

Density,  or  stocking  rate,  means  the  number  of  individual 
trees  or  shrubs  per  unit  area.  Several  sampling  methods  are 
available  for  estimating  the  density  of  trees  and  shrubs. 
Methods  that  are  accurate  and  applicable  to  sampling  revege- 
tated areas  are  the  Bitterlich  variable  radius  method  for  trees 
and  the  density  quadrat  method  for  shrubs. 


Bitterlich's  Variable  Radius  Method  for  Trees 

The  Bitterlich's  variable  radius  method  is  a  reliable  technique 
for  estimating  tree  density.  The  procedures  for  this  method 
were  given  under  the  section  on  cover  methodology  and  should 
be  used  to  obtain  tree  density  or  stocking  rate. 

Density  Quadrat  Method  for  Shrubs  and  Trees 

Samples  should  be  located  within  the  sampling  unit  by  using 
one  of  the  schemes  outlined  in  the  section  on  random  sampling 
schemes.  An  example  data  form  is  presented  in  figure  16.  The 
specific  methodology  is  as  follows: 

1 .  The  sample  quadrat  is  randomly  placed  within  the  sam- 
pling unit.  Square  and  rectangular  quadrats  can  be  established 
with  the  use  of  tape  measures.  The  quadrat  should  be  oriented 
in  a  consistent  direction  from  the  initial  sampling  point  for  all 
samples  taken.  Circular  quadrats  can  be  established  surround- 
ing the  sampling  point  by  positioning  one  end  of  a  rope  of 
fixed  radius  over  the  sampling  point  and  rotating  the  other  end 
of  the  rope  around  the  point  in  a  complete  circle.  All  shrubs  or 
trees  within  the  quadrat  are  counted  while  the  rope  is  being 
rotated. 

2.  All  shrubs  or  trees  within  the  quadrat  are  counted  and 
recorded  by  species  (see  fig.  16).  Shrubs  or  trees  rooted  within 
the  quadrat  are  counted;  those  rooted  outside  of  the  quadrat 
are  not  included  in  the  sample. 

3.  Individual  quadrat  values  summarized  by  species  are  used 
for  statistical  analysis. 
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Site  Name 
Date 


Quadrat  size 


Data  Sheet  No. 


of 


Invest  igatoi-s 
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3 
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8 
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10 

11 
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13 

14 

15 

16 

17 

18 

19 

20 

Sheet 
Total 

REMAtlKS : 

Figure  16.— Data  form  for  the  density  quadrat  method. 


4.  A  method  for  determining  sample  size  is  given  in  the  sec- 
tion on  statistics.  The  probability  level  used  should  be  0. 10. 
Additional  considerations  for  this  method  are  as  follows: 

1 .  Quadrat  size  should  be  based  upon  the  size  and  the  spac- 
ing of  the  individual  shrubs  or  trees.  A  quadrat  size  containing 
an  average  of  four  individuals  is  often  recommended;  however, 
any  number  of  individuals  can  be  contained  within  the  quadrat 
if  accurate  counts  can  be  made.  Square  quadrats  of  13.2  x 
13.2  ft  (4  X  4  m)  are  commonly  used  for  shrub  species  up  to 
9.9  ft  (3  m)  height .  Circular  quadrats  with  radius  of  1 1 .7  ft 
(1/100  acre)  (3.566  m  [0.004  ha])  or  8.3  ft  (1/200  acre) 

(2.529  m  [0.002  ha])  are  also  frequently  used  for  shrubs.  For 
trees,  circular  quadrats  with  radius  of  16.7  ft  (1/50  acre) 
(5.09  m  [0.008  ha])  are  often  used. 

2.  Quadrat  shape  has  little  effect  on  the  accuracy  of  density 
measurements  in  uniformly  distributed  vegetation.  Rectangular 
quadrats  are  considered  more  accurate  than  other  quadrat 
shapes  in  patterned  vegetation  when  the  long  axis  of  the  rectan- 
gular quadrat  transects  any  banding  in  the  vegetation  pattern. 
Circular  quadrats  are  probably  the  most  efficient  quadrat  shape 
for  field  implementation. 

3.  The  most  efficient  and  reliable  method  of  evaluating  small 
or  irregularly  shaped  plantings  may  be  a  direct  count  of  all 
living  and  dead  shrubs  or  trees.  A  determination  of  survival 
rate  (the  number  of  living  trees  or  shrubs  divided  by  the  total 
number  of  trees  or  shrubs  planted)  will  be  sufficient  for  deter- 
mining adequacy  of  revegetation.  The  minimum  acceptable  sur- 
vival rate  will  be  dependent  upon  the  planting  scheme  and  the 
management  plan  for  the  area,  but  should  never  be  less  than 

80  percent.  This  method  is  particularly  well  suited  to  shrubs  or 
trees  that  are  planted  in  strips  or  rows  as  hedgerows  or 
windbreaks. 


DIVERSITY  CONCEPTS 

The  concept  of  diversity  has  received  numerous  interpreta- 
tions in  the  scientific  literature.  During  recent  years,  however, 
there  has  been  a  consensus  that  diversity  has  two  basic  com- 
ponents. The  first,  species  richness,  pertains  simply  to  the 
number  of  species  within  a  defined  area.  The  second,  species 
evenness,  refers  to  the  proportionate  distribution  of  individuals 
among  species.  These  two  components  of  diversity  are  often 
assessed  together  and  called  "heterogeneity." 

Ideally,  a  comparison  of  the  diversity  of  two  areas  would 
determine  if  the  areas  had  similar  species  numbers  and  if  the 
distribution  of  individuals  among  species  was  appro.ximately  the 
same.  It  should  follow  then  that  the  measurement  of  diversity 
requires  a  list  of  the  species  in  the  area  under  investigation  and 
a  measure  of  each  species  importance  or  the  contribution  of  the 
sum  of  its  individuals  to  the  community.  Measures  of  impor- 
tance are  derived  from  estimates  of  numbers  (density),  produc- 
tion, or  cover.  (The  selection  of  the  appropriate  importance 
measure  is  discussed  in  a  following  section.) 

Although  diversity  is  usually  discussed  in  terms  of  species,  it 
may  also  be  thought  of  in  terms  of  life-forms.  Indeed,  the  use 
of  life-forms  in  the  comparison  of  the  diversity  of  a  reference 
area  and  a  revegetated  area  may  be  more  appropriate,  espe- 
cially if  species  different  from  those  in  the  reference  area  are 
seeded  in  the  revegetated  area. 

Many  excellent  references  on  the  concepts  of  diversity  are 
available  to  the  interested  reader.  They  include  Mueller- 
Dombois  and  Ellen  berg  (1974),  Peet  (1974),  Pielou  (1975,  1974, 
and  1966),  and  Whittaker  (1972  and  1%5). 

Several  methods  of  comparing  the  diversity  of  two  areas  are 
available  to  the  investigator.  These  can,  in  general,  be  cate- 
gorized as  diversity  indices,  rank  correlation  tests,  and  similarity 
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indices.  Similarity  indices  probably  provide  the  best  available 
method  for  comparing  reference  and  revegetated  areas.  How- 
ever, presented  here  is  a  specific  example  of  each  category 
chosen  on  the  basis  of  its  appropriateness  for  the  comparison 
of  reference  and  revegetated  areas.  These  include  Shannon's 
diversity  index,  H ' ,  Spearman's  rank  correlation  coefficient, 
R<3,  and  Sorenson's  similarity  index.  The  basic  concepts, 
assumptions,  and  limitations  of  each  are  discussed  and  the  nec- 
essary calculations  are  illustrated.  Table  9  shows  the  require- 
ments and  comparisons  of  all  three. 

Shannon's  Diversity  Index — H' 

Indices  of  diversity  are,  perhaps,  the  most  frequently  used 
measure  of  diversity.  They  are  often  assumed  to  provide  "abso- 
lute" measures  of  diversity  regardless  of  the  type  of  importance 
value  or  the  kind  of  communities  being  investigated.  However, 
there  are  certain  assumptions  and  constraints  associated  with 
diversity  indices  that  must  be  considered. 

1 .  In  general,  diversity  indices  assume  that  all  individuals  are 
equal  to  one  another.  This  is  obviously  not  the  case  with  such 
diverse  life-forms  as  trees  and  grasses  or  forbs  and  shrubs.  In 
addition,  the  desirability  of  a  species,  for  example  a  perennial 
native  grass  versus  an  annual  introduced  forb,  is  not  taken  into 
account. 

2.  There  is  no  mathematical  way  to  compare  values  obtained 
from  two  different  communities  using  the  same  diversity  index. 
This  is  because  a  change  in  the  index  at  one  end  of  the  scale  is 
not  necessarily  proportionate  to  the  same  amount  of  change  at 
the  other  end. 

3.  When  examining  two  different  communities,  diversity  in- 
dices do  not  always  reveal  changes  in  the  apportionment  of 
individuals  among  species.  For  example,  a  reference  area  might 
have  species  A,  B,  C,  D,  and  the  apportionment  of  individuals 
might  be  10,  2,  2,  1,  respectively.  If  the  revegetated  area  had 
the  same  species.  A,  B,  C,  D,  but  the  apportionment  of 
individuals  were  reversed,  1,  2,  2,  10,  the  diversity  indices 
would  still  be  the  same  for  both  areas. 

4.  The  timing  of  sampling  can  have  a  large  influence  on  di- 
versity indices.  This  is  primarily  due  to  the  contribution  or  lack 


of  ajinual  species  that  may  exhibit  ephemeral  characteristics. 

Although  diversity  indices  have  received  widespread  use,  their 
applicability  in  the  comparison  of  revegetated  areas  to  reference 
areas  is  questionable,  and  it  is  recommended  that  they  not  be 
used.  However,  because  of  the  current  popularity  of  diversity 
indices,  a  discussion  and  example  of  the  Shannon  H '  diversity 
index  is  presented. 

The  Shannon  index,  one  of  the  most  widely  used  diversity  in- 
dices, measures  heterogeneity  (richness  and  evenness).  It  is 
based  upon  the  assumption  that  the  more  species  there  are  and 
the  more  even  the  distribution  of  individuals  among  species,  the 
greater  the  diversity  (Pielou  1966).  The  formula  for  an  infinite 
population  is: 

s 
H'  =    -E  Pi  logpj 
i=l 
where  pj  is  the  percentage  importance.  The  index,  H ' ,  is 
logarithmically  related  to  the  number  of  species.  It  is  most  sen- 
sitive to  changes  in  the  importance  of  the  rare  species  in  the 
sample  (Peet  1974).  For  samples  containing  only  a  few  species, 
this  index  may  result  in  low  dispersion  and  may  be  infiuenced 
by  the  quantitative  relation  of  the  dominant  species.  Like  most 
indices  of  this  type,  the  importance  value  used  (density,  cover, 
or  production)  will  affect  the  value  of  H ' . 

The  base  of  the  logarithm  used  is  immaterial.  Changes  in  the 
base  of  the  logarithms  only  change  the  units  in  which  diversity 
is  measured  (Pielou  1974).  It  is  necessary,  however,  to  state  the 
units  that  are  used. 

An  example  calculation  for  the  Shannon  index  using  loga- 
rithms of  base  10  is  given  in  table  10.  The  importance  value 
used  is  dry  weight  (DW)  production  and  the  percentage  of  the 
importance  value,  Pj,  is  the  percent  production  of  each  species 
or  life-form  of  the  total  production.  Because  the  maximum 
value  of  H'  is  equal  to  one,  the  H'  values  obtained  here,  0.872 
for  the  revegetated  area  and  0.%9  for  the  reference  area,  are 
actually  very  high.  If  it  can  be  assumed  that  the  calculated  H' 
value  accurately  depicts  the  diversity  of  the  reference  area,  then 
the  H'  value  of  the  revegetated  area  would  have  to  be  within  a 


Table  9.— A  comparison  of  Shannon's  index,  Spearman's  Rq,  and  Sorenson's  similarity  index 


Characteristics 


Shannon's 

index 

H' 


Spearman's 


Sorenson's 

similarity 

index 


Requires  species  or  lite  form  list 
Requires  measure  of  importance; 

production,  cover,  or  density 
Requires  same  number  of  species  or 

life  forms  in  both  areas 
Does  not  require  same  number  of 

species  or  life  forms  in  both  areas 
Tests  apportionment  of  species  or 

life  forms  between  areas 
Does  not  test  apportionment  of 

species  or  life  forms  between  areas 
Independent  diversity  index  for 

each  area 
Diversity  measure  derived  from 

comparison  of  both  areas 
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Table  10.— -An  example  calculation  of  the  Shannon  index 


Revegetated 

Reference 

area 

area 

Life  form 

lb/acre 

lb/acre 

or  species 

DW 

Pi 

-(Pi  logPj) 

DW 

Pi 

-(Pi  logPj) 

1 

553 

0.200 

0.140 

524 

0.177 

0.133 

2 

479 

.173 

.132 

348 

.117 

.109 

3 

234 

.084 

.090 

441 

.149 

.123 

4 

625 

.226 

.146 

563 

.190 

.137 

5 

351 

.127 

.114 

197 

.066 

.078 

6 

26 

.009 

.018 

151 

.051 

.066 

7 

108 

.039 

.055 

94 

.032 

.048 

8 

84 

.030 

.046 

175 

.059 

.073 

9 

67 

.025 

.039 

10 

242 

.087 

.092 

11 

269 

.091 

.095 

12 

43 

.014 

.026 

13 

123 

.042 

.058 

14 

36 

.012 

.023 

L 

2,769 

1.000 

.872 

2,964 

1.000 

.969 

certain  limit  of  the  reference  area  H '  in  order  to  meet  the 
diversity  criteria.  In  interpreting  and  in  calculating  diversity  in- 
dices, however,  the  following  considerations  must  be  made: 

1.  H'  is  a  relative  value.  The  H'  for  the  reference  area  is 
not  directly  comparable  to  H'  for  the  revegetated  area,  nor  are 
the  individual  values  of  -(Pj  logpj). 

2.  Since  H '  is  a  relative  value,  the  individual  values  of  -(Pi 
logPi)  are  not  proportionate  to  one  another  and  cannot  be 
reapportioned  to  equal  100  percent. 

3.  All  species  or  life-forms  must  be  included  in  the  percent- 
age importance  value.  Eliminating  certain  species  will  dispro- 
portionately weight  the  importance  of  other  species. 

If  the  Shannon  index  is  to  be  used  in  the  evaluation  of  the 
diversity  of  reference  and  revegetated  areas,  it  is  important  that 
the  undesirable  or  weedy  species  not  be  used  as  a  basis  for 
comparison.  They  should  be  included  in  the  total  community 
value  (density,  cover,  or  production)  from  which  the  individual 
species  importance  values  (a  percentage  of  the  whole)  are  de- 
rived, but  the  more  desirable  species  in  the  community  should 
be  used  to  determine  if  the  diversity  criteria  have  been  met. 

Spearman's  Rank  Order  Correlation 
Coefficient — Ro 

A  direct,  statistical  comparison  between  the  importance 
values  (production,  cover,  or  density)  of  the  species  of 
reference  and  revegetated  areas  appears  to  be  a  logical  method 
for  assessing  diversity.  Spearman's  R,,  is  a  nonparametric  statis- 
tical test  that  provides  a  comparison  of  the  apportionment 
of  the  species  within  the  two  areas.  The  comparison  is  based  on 
the  difference  between  the  magnitude  of  importance  (ranking) 
of  each  of  the  species  that  exist  in  the  two  areas.  Spearman's 


rank  order  correlation  coefficient  is  explained  in  most  statistical 
texts,  such  as  Sokal  and  Rohlf  (1%9),  and  Snedecor  and 
Cochran  (1%7). 
The  constraints  of  using  this  test  are  as  follows: 

1.  Both  the  reference  area  and  the  revegetated  area  must 
have  the  same  number  of  species  or  life-forms.  This  test  is 
therefore  most  applicable  for  use  with  life-forms. 

2.  The  use  of  this  test  requires  the  assumption  that  all  rank- 
ings are  equally  likely,  or  that  the  distribution  of  individuals 
among  species  rank  order  applications  is  perfectly  even.  Jumars 
(1980)  has  stated  that  this  assumption  is  unreasonable  for  most 
natural  communities,  and  may  invalidate  the  use  of  rank  corre- 
lation tests  for  the  comparison  of  similarity  among  species  rank 
orders  of  abundance  between  communities. 

The  test  statistic  for  Spearman's  R^,  Spearman's  R^,  is  de- 
fined by  the  expression 
eEdi^ 

^=  '  "    n(n^  -  1) 
where 

dj   =  The  difference  between  the  two  ranks 

n    =  The  number  of  comparisons 
The  null  hypothesis  to  be  tested  is  that  the  importance  values 
for  the  two  areas  are  apportioned  between  the  species  or 
life-forms  in  the  same  manner.  For  a  one-sided  test  of  the  null 
hypothesis: 

Rj  <  Rq:  accept  Hq 

Rs  >  Rq:  reject  Hq 
The  critical  values  of  Spearman's  rank  correlation  coefficient, 
the  Rq  values,  are  found  in  table  11. 
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Table  11. — Critical  values  of  Spearman's  rank  correlation 
coefficient 


n 

a  =  0.10 

a  =  0.05 

a  =  0.02 

a  =  0.01 

5 

0.900 

— 

— 



6 

.829 

0.886 

0.943 

— 

7 

.714 

.786 

.893 

~ 

8 

.643 

.738 

.833 

0.881 

9 

.600 

.683 

.783 

.833 

10 

.564 

.648 

.745 

.794 

11 

.523 

.623 

.736 

.818 

12 

.497 

.591 

.703 

.780 

13 

.475 

.566 

.673 

.745 

14 

.457 

.545 

.646 

.716 

15 

.441 

.525 

.623 

.689 

16 

.425 

.507 

.601 

.666 

17 

.412 

.490 

.582 

.645 

18 

.399 

.476 

.564 

.625 

19 

.388 

.462 

.549 

.608 

20 

.377 

.450 

.534 

.591 

21 

.368 

.438 

.521 

.576 

22 

.359 

.428 

.508 

5fi? 

23 

.351 

.418 

.496 

.549 

24 

.343 

.409 

.485 

.537 

25 

.336 

.400 

.475 

.526 

26 

.329 

.392 

.465 

.515 

27 

.323 

.385 

.456 

.505 

28 

.317 

.377 

.448 

.496 

29 

.311 

.370 

.440 

.487 

30 

.305 

.364 

.432 

.478 

From  Olds  1938. 

In  addition,  a  t*  value  can  be  calculated  to  test  the  null 
hypothesis: 
t  =  RsV(n-2)/(l-R^s)- 


The  calculated  t  value  is  compared  with  tn_2  (a/2)  from  the 
t-table  (refer  to  table  12). 

t*  <  tn-2  (cx/2):  accept  Hq 

t*  >  tn-2  ("/2):  reject  Hq 

An  example  of  a  comparison  between  a  revegetated  area  and 
a  reference  area  using  Spearman's  Rq  is  given  in  table  13.  The 
species  or  life-form  from  each  area  is  first  ranked  according  to 
the  magnitude  of  the  importance  value.  The  difference  between 
the  two  ranks  of  those  species  or  life-forms  found  in  both 
areas,  dj,  is  then  obtained  by  subtracting  rank  1,  R,,  from  rank 
2,  Rj.  The  value  of  dj'  is  derived  by  squaring  each  of  the  values 
of  dj.  Once  these  values  have  been  obtained,  the  test  statistic 
for  Spearman's  R^  or  R^  is  computed: 

6Edi^ 
R,  =  I 


n  (n^  -  1) 
6(56) 


1 


12(12^ 

336 

1716 


1) 


=  0.804 

The  Ro  value  for  n  =  12  and    =0. 10  is  0.497  (see  table  11). 
Because  the  test  statistic,  R^  =  0.804,  is  greater  than  the  critical 
value,  Rq  =  0.497,  the  null  hypothesis  is  rejected.  The  revege- 
tated area  presented  in  this  example  did  not  meet  the  criteria 
estabbshed  for  successful  revegetation,  because  the  species  impor- 
tance values  for  the  two  areas  were  not  apportioned  in  a  similar 
manner. 

If  t  values  are  tested,  the  analysis  is 

t*    =  v'(12-2)/(l-.8040 
=  4.276 
Because  the  value  for  t.o  (0.05),  1.812,  is  less  than  the 
calculated  t*  value,  4.276,  the  null  hypothesis  is  rejected. 
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Table  M.— (-Distribution  values  for  various  levels  of  n,  or  degrees  of  freedom,  d.f..  for  a  one-sided 
test 


Probability  of  a 

largervalueof  t,  sign 

considered 

df 

0.25 

0.2 

0.15 

0.1 

0.05 

0.25 

0.01 

0.005 

0.0005 

1 

1.000 

1.376 

1.963 

3.078 

6.314 

12.706 

31.821 

63.657 

636.619 

2 

.816 

1.061 

1.386 

1.886 

2.920 

4.303 

6.965 

9.925 

31.598 

3 

.765 

.978 

1.250 

1.638 

2.353 

3.182 

4.541 

5.841 

12.941 

4 

.741 

.941 

1.190 

1.533 

2.132 

2.776 

3.747 

4.604 

8.610 

5 

.727 

.920 

1.156 

1.476 

2.015 

2.571 

3.365 

4.032 

6.859 

7 

.711 

.896 

1.119 

1.415 

1.895 

2.365 

2.998 

3.449 

5.405 

8 

.706 

.889 

1.108 

1.397 

1.860 

2.306 

2.896 

3.355 

5.041 

9 

.703 

.883 

1.100 

1.383 

1.833 

2.262 

2.821 

3.250 

4.781 

10 

.700 

.879 

1.093 

1.372 

1.812 

2.228 

2.764 

3.169 

4.587 

11 

.697 

.876 

1.088 

1.363 

1.796 

2.201 

2.718 

3.106 

4.437 

12 

.695 

.873 

1.083 

1.356 

1.782 

2.179 

2.681 

3.055 

4.318 

13 

.694 

.870 

1.079 

1.350 

1.771 

2.160 

2.650 

3.012 

4.221 

14 

.692 

.868 

1.076 

1.345 

1.761 

2.145 

2.624 

2.977 

4.140 

15 

.691 

.866 

1.074 

1.341 

1.753 

2.131 

2.602 

2.947 

4.073 

16 

.690 

.865 

1.071 

1.337 

1.746 

2.120 

2.583 

2.921 

4.015 

17 

.689 

.863 

1.069 

1.333 

1.740 

2.110 

2.567 

2.898 

3.965 

18 

.688 

.862 

1.067 

1.330 

1.734 

2.101 

2.552 

2.878 

3.922 

19 

.688 

.861 

1.066 

1.328 

1.729 

2.093 

2.539 

2.861 

3.883 

20 

.687 

.860 

1.064 

1.325 

1.725 

2.086 

2.528 

2.845 

3.850 

21 

.686 

.859 

1.063 

1.323 

1.721 

2.080 

2.518 

2.831 

3.819 

22 

.686 

.858 

1.061 

1.321 

1.717 

2.074 

2.508 

2.819 

3.792 

23 

.685 

.858 

1.060 

1.319 

1.714 

2.069 

2.500 

2.807 

3.767 

24 

.685 

.857 

1.059 

1.318 

1.711 

2.064 

2.492 

2.797 

3.745 

25 

.684 

.856 

1.058 

1.316 

1.708 

2.060 

2.485 

2.787 

3.725 

26 

.684 

.856 

1.058 

1.315 

1.706 

2.056 

2.479 

2.779 

3.707 

27 

.684 

.855 

1.057 

1.314 

1.703 

2.052 

2.473 

2.771 

3.690 

28 

.683 

.855 

1.056 

1.313 

1.701 

2.048 

2.467 

2.763 

3.674 

29 

.683 

.854 

1.055 

1.311 

1.699 

2.045 

2.462 

2.756 

3.659 

30 

.683 

.854 

1.055 

1.310 

1.697 

2.042 

2.457 

2.750 

3.646 

40 

.681 

.851 

1.050 

1.303 

1.684 

2.021 

2.423 

2.704 

3.551 

60 

.679 

.848 

1.046 

1.296 

1.671 

2.000 

2.390 

2.660 

3.460 

120 

.677 

.845 

1.041 

1.289 

1.658 

1.980 

2.358 

2.617 

3.373 

00 

.674 

.842 

1.036 

1.282 

1.645 

1.960 

2.326 

2.576 

3.291 

26 


Table  13.— /^n  example  of  ranked  revegetated  and  reference  areas, 
the  difference  between  the  two,  and  the  difference 
squared 


Revegetated 

Reference 

area 

area 

Life-form 

ItVacre 

lt)/acre 

or  species 

DW 

R, 

DW 

R2 

dj 

dj' 

1 

653 

2 

624 

2 

0 

0 

2 

579 

3 

448 

4 

-1 

1 

3 

334 

5 

591 

3 

2 

4 

4 

725 

1 

663 

1 

0 

0 

5 

451 

4 

297 

6 

-2 

4 

6 

26 

11 

151 

8 

3 

9 

7 

108 

8 

94 

10 

-2 

4 

8 

342 

6 

225 

7 

-1 

1 

9 

67 

10 

409 

5 

5 

25 

10 

84 

9 

43 

11 

-2 

4 

11 

131 

7 

123 

9 

-2 

4 

12 

19 

12 

36 

12 

0 

E  = 

0 
56 

Similarity  Indices 

Indices  of  similarity  provide  a  means  of  mathematically  com- 
paring two  different  plant  communities.  They  are,  in  general,  a 
function  of  the  number  of  plant  species  or  bfe-forms  found  in 
both  communities  as  well  as  the  number  found  in  only  one 
community  or  the  other.  In  addition,  certain  indices  of  similar- 
ity (IS)  incorporate  the  importance  value  of  each  species  or  life- 
form  present  in  the  community.  Both  species  or  life-form 
number  and  the  distribution  of  individuals  within  each  area  are 
included  in  these  indices.  Similarity  indices  are  simple  and 
direct  methods  of  comparing  two  communities,  and  in  most 
cases,  provide  more  appropriate  comparisons  of  the  diversity  of 
reference  and  revegetated  areas  than  either  Shannon's  diversity 
index  or  Spearman's  rank  correlation  coefficent. 

Three  separate  indices  will  be  presented  here.  Two  of  the 
indices,  Motyka  and  others'  (1950)  version  of  Sorensen's 
similarity  index  and  Bray  and  Curtis'  (1957)  version  of 
Sorensen's  similarity  index,  are  closely  related.  Bray  and  Curtis' 
version  of  Sorensen's  similarity  index  is  merely  a  computational 
simplification  of  Motyka  and  others'  version  that  requires  the 
use  of  percent  values  for  each  species  or  life  form.  These  two 
versions  of  Sorensen's  similarity  index  produce  identical  results. 
The  general  form  of  these  indices  has  been  endorsed  by 
Steward  (1982)  for  comparing  the  diversity  of  revegetated  and 


reference  areas.  The  third  index  to  be  included  is  Spatz'  (1970) 
modification  of  Jaccard's  index.  It  has  been  suggested  by  Dr. 
Ed  DePuit  (personal  communication)  that  Spatz'  index  provides 
a  more  reliable  comparison  of  reference  and  revegetated  com- 
munities than  the  modifications  of  Sorensen's  index.  The  for- 
mula for  each  of  the  indices  and  examples  of  their  use  are 
provided. 
Motyka's  version  of  Sorensen's  similarity  index  (ISivio)  is: 
2MW 


'Smo  - 

where 
MW  = 


MA  -K  MB 


Sum  of  the  smaller  importance  values  of  the  species 
or  life-forms  common  to  both  areas 
MA  =    The  sum  of  the  importance  values  of  all  species  or 

life-forms  in  one  area 
MB  =    The  sum  of  the  importance  values  of  all  species  or 
life-forms  in  the  other  area 
The  value  of  the  index  ranges  from  0  to  1,  with  1  being  com- 
plete similarity. 

Bray  and  Curtis'  version  of  Sorensen's  similarity  index  is  as 
follows: 

2  MW 
ISbc  =      jjr^      X  100    or     ISbc  =  MW(percent) 

where 

MW  =  Sum  of  the  smaller  importance  values  of  the  species 
or  life-forms  common  to  both  areas. 
This  index,  as  noted  earlier,  produces  identical  results  to 
Motyka  and  others'  version  of  Sorensen's  similarity  index.  Per- 
cent values  are  used  instead  of  importance  values.  Any  dif- 
ferences between  the  indices  are  the  result  of  rounding. 

Spatz'  modification  of  Jaccard's  index  is  calculated  as 
follows: 

MC 

ISsp  =  R  X 


MA  -I-  MB  +  MC 


X  100 


where 


R 


MC 


MA 


MB 


=  The  smaller  values  of  the  species  or  life-forms  com- 
mon to  both  areas  are  first  divided  by  the  greater 
values.  These  fractions  are  then  added  up  and  the 
sum  is  divided  by  the  total  number  of  species  in 
both  areas 

=  The  sum  of  the  values  of  all  species  or  life-forms 
common  to  both  areas 

=  The  sum  of  the  values  of  all  species  or  life-forms  in 
one  area 

=  The  sum  of  the  values  of  all  species  or  life-forms  in 
the  second  area 
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This  index  consists  of  two  separate  parts.  The  first  part  (R) 
jxpresses  the  relative  similarity  of  the  two  areas  being  com- 
)ared,  in  terms  of  the  number  of  common  species  and  the  dif- 
erences  in  importance  values  between  individual  species.  The 
€Cond  part  is  the  quantitative  application  of  Jaccard's  index.  It 
;xamines  the  relative  similarity  of  the  two  areas  in  terms  of  im- 
)ortance  values. 

Tables  14,  15,  and  16  are  examples  of  the  calculation  of  the 
I  different  similarity  indices  using  both  species  and  life-form 
lata.  The  importance  values  used  are  production  values 
lb/acre  dry  weight).  Table  14  shows  the  common  and  unique 
pecies  of  a  revegetated  area  and  a  reference  area  and  an  exam- 
)le  calculation  of  Motyka  and  others'  version  of  Sorensen's 
ndex.  Two  examples  using  life-forms  are  shown  in  tables  15 
ind  16;  these  illustrate  the  effect  of  differences  in  importance 
alues  on  the  3  similarity  indices.  Table  16  uses  the  same  life- 
brms  but  a  different  apportionment  of  importance  values. 

The  following  considerations  should  be  made  when  interpret- 
ng  similarity  indices: 

1 .  The  greater  the  difference  in  magnitude  between  the  two 
mportance  values  and  the  fewer  the  species  or  life-forms  in 
ommon,  the  smaller  the  index  of  similarity. 

2.  A  similarity  index  value  of  0.80  normally  indicates  a  high 
legree  of  similarity  between  two  areas.  The  index  value  chosen 
s  the  lower  limit  for  meeting  the  diversity  criteria  for  the 
evegetated  area  will  be  dependent  upon  the  vegetation  type 
nd  the  management  plan  for  the  area.  One  method  of  deter- 
riining  a  realistic  index  of  similarity  is  to  sample  replicate  areas 
/ithin  the  reference  area  and  to  calculate  the  similarity  index 
or  the  replicates.  This  index  would  be  a  measure  of  the  in- 
lerent  similarity  within  the  reference.  A  value  slightly  lower 
han  the  one  obtained  for  the  reference  could  serve  as  the 
tandard  of  comparison  for  the  similarity  between  the  reference 
rea  and  the  revegetated  area. 


Table  14.— >An  example  of  the  common  and  unique  species  of  a 
revegetated  and  reference  area  and  the  calculation  of 
Ivlotyka's  version  of  Sorensen's  index 


Revegetated 

Common 

species 

Reference 

area  (MA) 

(MA) 

(MB) 

area  (MB) 

Species 

lb/acre  DW 

lb/acre  DW 

lb/acre  DW 

1 

553 

524 

2 

479 

348 

3 

234 

441 

4 

625 

563 

5 

351 

197 

6 

26 

151 

7 

108 

94 

8 

84 

175 

9 

67 

10 

242 

11 

269 

12 

43 

13 

123 

14 

36 

Total 


309 


471 


Calculation  of  Motyka  and  others'  version  of  Sorensen's  index. 
_         2MW 
'^"^O  -     MA  +  MB 

MW  =  524  -I-  348  -i-  234  -i-  563  -i-  197  -(-  26  -i-  94  -t-  84 

=  2,070 
MA    =  553  -I-  479  -i-  234  +  625  -i-  351  -H  26  +  108  -i-  84  +  67 
-I-  242 
=  2,769 
MB    =  524  +  348  +  441  +  563  +  197  +  151  +  94  +  175  + 
269  +  43  +  123  -t-  36 
=  2,964 

2(2,070) 


ISmo  = 


2,769  -t-  2,964 


=  0.72  X  100  =  72% 
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Table  15.— Example  of  high  similarity  between  a  revegetated  area  and  a  reference  area  as  compared  by  3  similarity  indices. 


Life-form 

I.A 

I.B.2.b. 

I.B.2.a. 

I.B.I.a. 

II.A. 

II. B. 

II.C. 

III.A.1. 

Total 


Annual  grass 

Perennial  cool  season  bunchgrass 

Perennial  warm  season  bunchgrass 

Perennial  warm  season  rhizomatous  grass 

Annual  herbs 

Perennial  herbs 

Biennial  herbs 

Broadleaf  deciduous  shrubs 


Revegetated 

Reference 

area 

Percent 

area 

Percent 

lb/acre  DW 

comp. 

lb/acre  DW 

comp. 

187 

15 

28 

2 

361 

29 

503 

36 

274 

22 

391 

28 

162 

13 

154 

11 

199 

16 

14 

1 

62 

5 

196 

14 

28 

2 

84 

6 

1,245 


100 


1,398 


100 


Motyka  and  others'  version  of  Sorensen's  index: 
2  MW 
'^^O    -   MA  -H  MB  ^  ^°Q 

MW      =  28  +  361  +  274  +  154  +  14  +  62  =  893 
MA       =  187  +  361  +  274  +  162  +  199  +  62  =    1,245 
MB       =  28  +  503  +  391  +  154  +  14  +  196  +  28  +  84  =  1,398 

2(893) 
'Smo    =^^245^^=  0.677X100  =  68% 

Bray  and  Curtis'  version  of  Sorensen's  index: 

ISbc     =  MW(percent) 

MW      =2  +  29  +  22  +11  +  1+5  =  70 

ISbc     =  70(percent)  =  70% 
Spatz'  version  of  Jaccard's  index: 
MC 


ISsp     =  R  X 


R    = 


MA  +  MB  +  MC 
2  -  15  +  29  -  36  +  22  ^  28  +  11 


ISsp  =  0.37  X 


192 


200 
13  +  1  ^  16  +  5  -  14 


X  100  =  36% 


8 

0.13  +  0.80  +  0.79  +  0.85  +  0.06  +  0.36 
8 


=  0.37 
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fable  16.— Example  of  low  similarity  between  a  revegetated  area  and  a  reference  area  as  compared  by  3  similarity  indices. 


ife-fomi 


Revegetated 

Reference 

area 

Percent 

area 

Percent 

lb/acre  DW 

comp. 

lb/acre  DW 

comp. 

373 

25 

28 

2 

483 

37 

194 

13 

345 

26 

448 

30 

148 

11 

433 

29 

13 

1 

45 

3 

27 

2 

27 

2 

80 

6 

A 

.B.2.b. 

.B.2.a. 

B.l.a. 

I.A. 

I.e. 

I.e. 

II.A.1. 

Total 


Annual  grass 

Perennial  cool  season  bunchgrass 

Perennial  warm  season  bunchgrass 

Perennial  warm  season  rhizomatous  grass 

Annual  herbs 

Perennial  herbs 

Biennial  herbs 

Broadleaf  deciduous  shrubs 


1,493 


100 


1,312 


99 


^otyka  and  others'  version  of  Sorensen's  index: 
2  MW 
'S^^0    =   MA  ^  MB  "  ^°° 
MW      =  28  +  194  +  148  +  13  +  45  =  428 
MA       =  373  +  194  +  448  +  433  +  45  =    1,493 
MB       =  28  +  483  +  345  +  148  +  13  +  188  +  27  +  80 

2(428) 
'Smo    =  ,,^^\  1^,^-0.305  xm  =  30% 

Jray  and  Curtis'  version  of  Sorensen's  index: 

ISbc     =  MW(percent) 

MW      =2  +  13  +  11  +  1  +  13 

ISbc    -  30(percent)  =  30% 

)patz'  version  of  Jaccard's  index: 

MC 
ISsp     =  R  X 

R    = 


1,312 


30 


ISsp  =  0.15  X 


MA  +  MB  +  MC 
2  -  25  +  13  ^  26  +  11  ^  30  +  1  -  29  +  3 


155 
200 


X  100  =  12% 


14 


0.08  +  0.5  +  0.37  +  0.03  +  0.21 


=  0.15 


Choice  of  a  Similarity  Index 

The  two  types  of  indices,  Spatz'  index  and  Sorensen's  modif- 
ications, place  different  amounts  of  emphasis  on  the  quantita- 
tive and  qualitative  properties  of  revegetated  and  reference 
areas.  In  general,  Spatz'  index  combines  both  quantitative  and 
qualitative  properties  while  Sorensen's  modifications  are  more 
strictly  quantitative  (Mueller-Dombois  and  EUenberg  1974).  For 
example,  Spatz'  index  places  a  greater  emphasis  on  the  com- 
parison of  the  number  of  common  and  different  species  or  life- 
forms  and  the  differences  in  importance  values  between  in- 
dividual species  or  life  forms.  Comparisons  of  revegetated  and 
reference  areas  with  several  common  species  or  life-forms  in 
which  all  of  the  common  species  or  life-forms  have  large  im- 
portance values  generally  produce  high  similarity  values  when 
modifications  of  Sorensen's  index  are  used.  However,  if  the 
same  areas  also  have  species  or  life-forms  with  smaller  impor- 
tance values  that  occur  in  only  one  or  the  other  of  the  areas, 
Spatz'  index  will  produce  a  much  smaller  similarity  value  than 
Sorensen's  modifications  (see  tables  15  and  16). 

Choice  of  an  index  will  ultimately  depend  upon  the  objec- 
tives of  the  investigator.  In  most  cases  Spatz'  index  will  provide 
a  more  rigorous  comparison  of  two  areas. 


Selection  of  Importance  Values 

The  selection  of  importance  values  for  use  with  the  Spear- 
man's Rq  diversity  indices,  or  similarity  indices  deserves  careful 
consideration.  Productivity  is  normally  the  best  measure  of  a 
species'  importance;  it  indicates  both  the  species'  biological 
activity  and  the  amount  of  the  communities'  resources  that  a 
species  utilizes.  The  measure  has  little  ambiguity  due  to  col- 
lection methods  and  is  directly  comparable  between  species. 
Density,  however,  is  an  inappropriate  measure  in  many  com- 
munities because  of  the  huge  differences  in  the  contribution  of 
individuals  of  different  life-forms  (say,  trees  versus  herbs)  to 
the  second  area. 

MEETING  STATISTICAL  REQUIREMENTS 

The  federal  regulations  state  that  "the  ground  cover  and  pro- 
ductivity of  the  revegetated  area  shall  be  considered  equal  if 
they  are  at  least  90  percent  of  the  ground  cover  and  productiv- 
ity of  the  reference  area  with  90  percent  statistical  confidence 
or  with  80  percent  statistical  confidence  on  shrublands"  (CFS 
8I6-1 16).  In  addition,  the  regulations  require  that  certain  areas, 
depending  upon  the  proposed  management,  will  be  stocked 
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with  a  specified  number  of  trees  or  shrubs.  (Refer  to  the  Rules 
and  Regulations,  appendix  I).  To  meet  the  regulation  require- 
ments, it  will  be  necessary  to:  (1)  calculate  the  number  of 
sample  observations  required  to  achieve  the  specified  level  of 
confidence  for  each  production,  cover,  and  density  sample;  and 
(2)  determine  if  the  revegetated  area  has  90  percent  or  more  of 
the  production  and  cover  of  the  reference  area  from  a  statis- 
tical confidence  limit  estimate.  Depending  upon  the  needs  of 
the  investigator,  sample  data  can  be  summarized  as:  (1)  total 
production,  cover,  or  density  in  each  quadrat  regardless  of 
species  or  life  form;  or  (2)  production,  cover,  or  density  of 
each  species  or  life  form  within  each  quadrat. 

The  hypothesis  to  be  examined  is  Hq:  (/i2  -  .9^,)  >  Ovs. 
Ha :  0^2  -  .9/1,)  <  0,  where /i2  equals  the  mean  production, 
cover,  or  density  of  the  revegetated  area  and  /x,  equals  the 
mean  production,  cover,  or  density  of  the  reference  area.  This 
says  that  the  revegetated  area  is  successfully  revegetated  when 
its  mean  production,  cover,  and  density  is  90  percent  or  greater 
than  that  of  the  reference  area. 

Required  Sample  Size 

A  two-stage  procedure  is  used  in  which  the  final  required 
sample  size  is  calculated  from  a  first  stage  sample  drawn  from 
both  the  reference  and  revegetated  sample  areas  (Booth,  per- 
sonal communication).'  The  minimum  sample  size  required  in 
the  first  stage  is  calculated  from  an  estimate  of  the  mean  and 
variance  of  the  production  or  cover  on  the  reference  area. 
GENERAL  NOTATION: 

Ujj    =  The  size  of  the  sample  from  population  i  (i=  1; 

reference  area  and  i  =  2;  revegetated  area),  in  stage  j 
(j  =  1 ;  first  stage  and  j  =  2;  second  stage) 

t      =  A  t-value  from  the  table  of  the  t  distribution  (table  20) 

d      =  The  closeness  with  which  we  wish  to  estimate  the  dif- 
ference of  interest 


'Note:  to  adapt  this  procedure  to  changes  in  the  regulations  see  Appendix  VII. 


Xj     =  Estimate  of  the  mean  from  population  i 
s?     =  Estimate  of  the  variance  from  population  i 
STEP  1 .  Obtain  an  estimate  of  the  mean  and  variance  of  the 
production  or  cover  of  the  reference  area.  This  estimate  can  be 
derived  from  a  presample  or  from  past  sampling  experience. 
Production  values  should  be  calculated  as  dry  weights. 

Select  a  value  for  d.  This  value  is  the  size  of  the  difference 
we  wish  to  detect.  Ideally,  this  value  is  a  predetermined  stand- 
ard (for  example  x  number  of  pounds)  that  is  totally  independ- 
ent of  the  mean  and  is  chosen  by  the  sampler  on  the  basis  of 
what  is  both  acceptable  and  realistic. 

Because  of  the  variety  of  vegetation  types  being  sampled  and 
the  large  difference  in  production  values  obtained,  it  is  unlikely 
that  the  sampler  will  always  know  what  a  realistic  value  of  d  is. 
As  a  rule,  we  suggest  that  d  be  computed  as  a  small  percentage 
of  the  mean  of  the  reference  area.  For  example,  this  value 
could  be  one-fourth,  or  one-half,  of  1  percent  of  the  mean  of 
the  reference  area.  If  the  revegetated  area  had  a  mean  produc- 
tion of  90  percent  of  that  of  the  reference  area,  the  difference 
between  the  two  means  would  be  10  percent  of  the  mean  of  the 
reference  area.  This  difference  is  the  quantity  of  interest;  5  per- 
cent of  this  difference  would  be  one-half  of  1  percent  of  the 
mean  of  the  reference  area.  This  is  the  rationale  for  using  one- 
fourth  or  one-half  of  1  percent  of  the  reference  mean  for  d. 
In  areas  in  which  production  values  are  low  and  variances  are 
high,  such  as  deserts,  this  method  may  result  in  the  selection  of 
a  d  value  that  is  unrealistically  small.  Experience  in  the  sam- 
pling of  different  vegetation  types  should  aid  the  investigator  in 
selecting  realistic  d  values. 

The  relationship  of  d  and  the  variance  (s*\  initial  estimate  or 
guess  of  the  variance  of  the  reference  area)  to  sample  size  (n)  is 
shown  in  tables  17  and  18.  As  d  decreases,  sample  size  in- 
creases, and  as  the  variance  increases,  sample  size  increases. 
The  values  presented  in  tables  17  and  18  are  to  be  used  only  as 
a  guide  for  the  selection  of  d  and  n.  A  caution:  too  small  a 
sample  size  in  the  first  stage  will  result  in  a  large  sample  size  in 
the  second  stage. 


Table  A7.— Values  of  d  for  selected  variances  and  sample  sizes 


Sample 

1 

i/arlance 

size 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

10 

6.97 

9.86 

12.07 

13.94 

15.59 

17.08 

18.44 

19.72 

20.91 

22.05 

31.18 

38.18 

44.09 

49.30 

54.00 

58.33 

62.35 

66.14 

69.71 

20 

4.93 

6.97 

8.54 

9.86 

11.02 

12.07 

13.04 

13.94 

14.79 

15.59 

22.05 

27.00 

31.18 

34.86 

38.18 

41.24 

44.09 

46.77 

49.30 

30 

4.02 

5.69 

6.97 

8.05 

9.00 

9.86 

10.65 

11.38 

12.07 

12.73 

18.00 

22.05 

25.46 

28.46 

31.18 

33.67 

36.00 

38.18 

40.25 

40 

3.49 

4.93 

6.04 

6.97 

7.79 

8.54 

9.22 

9.86 

10.46 

11.02 

15.59 

19.09 

22.05 

24.65 

27.00 

29.16 

31.18 

33.07 

34.86 

50 

3.12 

4.41 

5.40 

6.24 

6.97 

7.64 

8.25 

8.82 

9.35 

9.86 

13.94 

17.08 

19.72 

22.05 

24.15 

26.08 

27.89 

29.58 

31.18 

60 

2.85 

4.02 

4.93 

5.69 

6.36 

6.97 

7.53 

8.05 

8.54 

9.00 

12.73 

15.59 

18.00 

20.12 

22.05 

23.81 

25.46 

27.00 

28.46 

80 

2.46 

3.49 

4.27 

4.93 

5.51 

6.04 

6.52 

6.97 

7.39 

7.79 

11.02 

13.50 

15.59 

17.43 

19.09 

20.62 

22.05 

23.38 

24.65 

100 

2.20 

3.12 

3.82 

4.41 

4.93 

5.40 

5.83 

6.24 

6.61 

6.97 

9.86 

12.07 

13.94 

15.59 

17.08 

18.44 

19.72 

20.91 

22.05 

150 

1.80 

2.55 

3.12 

3.60 

4.02 

4.41 

4.76 

5.09 

5.40 

5.69 

8.05 

9.86 

11.38 

12.73 

13.94 

15.06 

16.10 

17.08 

18.00 

200 

1.56 

2.20 

2.70 

3.12 

3.49 

3.82 

4.12 

4.41 

4.68 

4.93 

6.92 

8.54 

9.86 

11.02 

12.07 

13.04 

13.94 

14.79 

15.59 

250 

1.39 

1.97 

2.41 

2.79 

3.12 

3.42 

3.69 

3.94 

4.18 

4.41 

6.24 

7.64 

8.82 

9.86 

10.80 

11.67 

12.42 

13.23 

13.94 

500 

.99 

1.39 

1.71 

1.97 

2.20 

2.41 

2.61 

2.79 

2.96 

3.12 

4.41 

5.40 

6.24 

6.97 

7.64 

8.25 

8.82 

9.35 

9.86 

1,000 

.70 

.99 

1.21 

1.39 

1.56 

1.71 

1.84 

1.97 

2.09 

2.20 

3.12 

3.82 

4.41 

4.93 

5.40 

5.83 

6.24 

6.61 

6.97 

3,000 

.40 

.57 

.70 

.80 

.90 

.99 

1.06 

1.14 

1.21 

1.27 

1.80 

2.20 

2.55 

2.85 

3.12 

3.37 

3.60 

3.82 

4.02 

5,000 

.31 

.44 

.54 

.62 

.70 

.76 

.82 

.88 

.94 

.99 

1.39 

1.71 

1.97 

2.20 

2.41 

2.61 

2.79 

2.96 

3.12 

10,000 

.22 

.31 

.38 

.44 

.49 

.54 

.58 

.62 

.66 

.70 

.99 

1.21 

1.39 

1.56 

1.71 

1.84 

1.97 

2.09 

2.20 

20,000 

.16 

.22 

.27 

.31 

.35 

.38 

.41 

.44 

.47 

.49 

.70 

.85 

.99 

1.10 

1.21 

1.30 

1.39 

1.48 

1.56 

30,000 

.13 

.18 

.22 

.25 

.28 

.31 

.34 

.36 

.38 

.40 

.57 

.70 

.80 

.90 

.99 

1.06 

1.14 

1.21 

1.27 

50,000 

.10 

.14 

.17 

.20 

.22 

.24 

.26 

.28 

.30 

.31 

.44 

.54 

.62 

.70 

.76 

.82 

.88 

.94 

.99 
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able  ^6.— Sample  sizes  for  selected  variances  and  d  values 


Variance 

d 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

1 

486 

972 

1,458 

1,944 

2,430 

2,916 

3,402 

3,888 

4,374 

4,860 

9,720 

14,580 

19,440 

24,300 

29,160 

34,020 

38,880 

43,740 

48,600 

2 

122 

243 

365 

486 

608 

729 

851 

972 

1,094 

1,215 

2,430 

3,645 

4,860 

6,075 

7,290 

8,505 

9,720 

10,935 

12,150 

3 

54 

108 

162 

216 

270 

324 

378 

432 

486 

540 

1,080 

1,620 

2,160 

2,700 

3,240 

3,780 

4,320 

4,860 

5,400 

4 

30 

61 

91 

122 

152 

182 

213 

243 

273 

304 

608 

911 

1,215 

1,519 

1,823 

2,126 

2,430 

2,734 

3,038 

5 

19 

39 

58 

78 

97 

117 

136 

156 

175 

194 

389 

538 

778 

972 

1,166 

1,361 

1,555 

1,750 

1,944 

6 

14 

27 

41 

54 

68 

81 

95 

108 

122 

135 

270 

405 

540 

675 

810 

945 

1,080 

1,215 

1,350 

7 

10 

20 

30 

40 

50 

60 

69 

79 

89 

99 

198 

298 

397 

496 

595 

694 

793 

893 

992 

8 

8 

15 

23 

30 

38 

46 

53 

61 

68 

76 

152 

228 

304 

380 

456 

532 

608 

683 

759 

9 

6 

12 

18 

24 

30 

36 

42 

48 

54 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

10 

5 

10 

15 

19 

24 

29 

34 

39 

44 

49 

97 

146 

194 

243 

292 

340 

389 

437 

486 

15 

2 

4 

6 

9 

11 

13 

15 

17 

19 

22 

43 

65 

86 

108 

130 

151 

173 

194 

216 

20 

1 

2 

4 

5 

6 

7 

9 

10 

11 

12 

24 

36 

49 

61 

73 

85 

97 

109 

122 

25 

1 

2 

2 

3 

4 

5 

5 

6 

7 

8 

16 

23 

31 

39 

47 

54 

62 

70 

78 

30 

1 

1 

2 

2 

3 

3 

4 

4 

5 

5 

11 

16 

22 

27 

32 

38 

43 

49 

54 

35 

0 

1 

1 

2 

2 

2 

3 

3 

4 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 

40 

0 

1 

1 

1 

2 

2 

2 

2 

3 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

45 

0 

0 

1 

1 

1 

1 

2 

2 

2 

2 

5 

7 

10 

12 

14 

17 

19 

22 

24 

50 

0 

0 

1 

1 

1 

1 

1 

2 

2 

2 

4 

6 

8 

10 

12 

14 

16 

17 

19 

60 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

3 

4 

5 

7 

8 

9 

11 

12 

14 

70 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

80 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

2 

2 

3 

4 

5 

5 

6 

7 

8 

90 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

2 

2 

3 

4 

4 

5 

5 

6 

00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 

2 

3 

3 

4 

4 

5 

STEP  2.  Compute  the  minimum  required  sample  size  from 
tie  reference  area  as 

n,,  =  (.81)t^s*Vd^  (eq.  1) 

A  value  of  2.0  can  be  used  for  t  in  the  initial  estimate  of 
ample  size,  unless  s*-'  was  derived  from  an  actual  sample.  The 
value  should  have  (n-1)  degrees  of  freedom  and  a  probability 
f  0.1,  where  n  is  the  actual  sample  size.  The  sample  taken 
tiould  be  about  1.5  to  2  times  this  value  for  the  first  stage. 
Jnless  there  is  good  reason  to  do  otherwise,  this  would  also  be 

reasonable  value  for  the  first  stage  samples  size  from  the 
jvegetated  area.  If  too  few  first  stage  samples  are  taken,  the 
ivestigator  may  be  required  to  take  more  second  stage  samples 
lan  necessary  from  the  re  vegetated  area. 

STEP  3.  Obtain  the  random  first  stage  samples  from  the 
:ference  and  revegetated  areas.  Compute: 

X,,  and  S|  from  the  reference  area 

X;,  and  s^  from  the  revegetated  area 

s^  =  [{n,,  -   l)s; 

+  (n^,  -   l)s;]/(n,,  +  n^,  -  2)  (eq.  2) 

=  pooled  variance  from  the  reference  and  revegetated 
areas. 
i.n  example  calculation  of  x,  and  s;  is  given  in  table  19. 


Table  19. — Sample  calculation  of  the  mean,  x,  and  variance,  s',  for 
a  hypothetical  reference  area 


Reference  area 

Quadrat  number 

x(gms  dry  wt) 

X^ 

1 

82 

6,724 

2 

94 

8,836 

3 

88 

7,744 

4 

116 

13,456 

5 

88 

7,744 

6 

120 

14,400 

7 

104 

10,816 

8 

85 

7,225 

9 

102 

14,400 

10 

92 

8,464 

11 

106 

11,236 

12 

94 

8,836 

sum(i;) 

1,189 

119,881 

sum 

of  X 

1189 

total  number  quadrats 

EX-  <^^'' 

119,881  - 

(1189)' 

" 

ino  or 

n-1 
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STEP  4.  Determine  the  required  sample  size  from  the  reveg- 
etated  area  for  the  second  stage  sample.  Find  a  value  with  a 
one-tailed  t  distribution  that  has  (n,,  +  Hj,  -  2)  degrees  of 
freedom  and  a  probability  of  0. 1  (table  20). 
Compute: 

A    =  n,,t's'  (eq.  3) 

B    =  n,,d'  -  (.81)tV  (eq.  4) 

n22  =  A/B  -  n?,  (eq.  5) 

STEP  5. 

A.  If  n22  is  negative,  no  further  samples  are  required.  Go 
to  the  revegetated  and  reference  area  comparison. 

B.  If  Ui!  is  a  reasonable  sample  size  for  the  revegetated 
area,  then  an  additional  sample  of  that  size  should  be  obtained 
from  the  revegetated  area  for  the  second  stage.  A  second  stage 
sample  from  the  reference  area  is  not  needed.  After  the  second 


sample  has  been  taken,  go  to  the  revegetated  and  reference  area 
comparison. 

C.   If  n,;  is  unreasonably  large,  then  further  sampling 
from  both  the  revegetated  and  the  reference  areas  will  be  re- 
quired. A  sample  size  of  n,;  will  be  selected  for  both  the 
reference  and  revegetated  areas  and  will  be  calculated  as: 

n,  =  [1.81  t'Vl/d^  -  n,  (eq.  6] 

It  is  assumed  that  the  first-stage  sample  size  was  the  same  for 
both  the  reference  and  revegetated  areas,  namely  n,,  =  n^, 
=  n,.  The  value  of  t  has  (n,,  +  U:,  -  2)  degrees  of  freedom 
and  a  probability  of  0. 1 ,  s^  =  the  pooled  variance  calculated 
from  equation  2,  and  d  =  the  value  selected  in  STEP  1. 

Consider  n,2  =  n22  =  n.,  collect  a  sample  of  size  n;  from 
both  the  reference  and  revegetated  areas,  and  go  to  the  reveg- 
etated and  reference  area  comparison. 


Table  20. —  Values  with  a  one-tailed  t-  distribution  for  various  levels  of  n,  or  degrees  of 
freedom,  d.f. 


df 

0.2 

0.15 

0.1 

0.05 

0.25 

1 

1.376 

1.963 

3.078 

6.314 

12.706 

2 

1.061 

1.386 

1.886 

2.920 

4.303 

3 

.978 

1.250 

1.638 

2.353 

3.182 

4 

.941 

1.190 

1.533 

2.132 

2.776 

5 

.920 

1.156 

1.476 

2.015 

2.571 

6 

.906 

1.134 

1.440 

1.943 

2.447 

7 

.896 

1.119 

1.415 

1.895 

2.365 

8 

.889 

1.108 

1.397 

1.860 

2.306 

9 

.883 

1.100 

1.383 

1.833 

2.262 

10 

.879 

1.093 

1.372 

1.812 

2.228 

11 

.876 

1.088 

1.363 

1.796 

2.201 

12 

.873 

1.083 

1.356 

1.782 

2.179 

13 

.870 

1.079 

1.350 

1.771 

2.160 

14 

.868 

1.076 

1.345 

1.761 

2.145 

15 

.866 

1.074 

1.341 

1.753 

2.131 

16 

.865 

1.071 

1.337 

1.746 

2.120 

17 

.863 

1.069 

1.333 

1.740 

2.110 

18 

.862 

1.067 

1.330 

1.734 

2.101 

19 

.861 

1.066 

1.328 

1.729 

2.093 

20 

.860 

1.064 

1.325 

1.725 

2.086 

21 

.859 

1.063 

1.323 

1.721 

2.080 

22 

.858 

1.061 

1.321 

1.717 

2.074 

23 

.858 

1.060 

1.319 

1.714 

2.069 

24 

.857 

1.059 

1.318 

1.711 

2.064 

25 

.856 

1.058 

1.316 

1.708 

2.060 

26 

.856 

1.058 

1.315 

1.706 

2.056 

27 

.855 

1.057 

1.314 

1.703 

2.052 

28 

.855 

1.056 

1.313 

1.701 

2.048 

29 

.854 

1.055 

1.311 

1.699 

2.045 

30 

.854 

1.055 

1.310 

1.697 

2.042 

40 

.851 

1.050 

1.303 

1.684 

2.021 

60 

.848 

1.046 

1.296 

1.671 

2.000 

120 

.845 

1.041 

1.289 

1.658 

1.980 

oo 

.842 

1.036 

1.282 

1.645 

1.960 
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Revegetated  and  Reference  Area  Comparison 

The  reference  area  and  revcgetated  area  comparison  will  be 
:iased  upon  a  lower  confidence  limit  for  (jxi  -  .9^1).  This 
inalysis  is  similar  to  a  test  of  hypothesis  (such  as  a  t-test)  in 
hat  it  tells  the  investigator  if  the  cover  and  production  of  the 
evegetated  area  is  90  percent  of  the  reference  area  with  the 
ipecified  level  of  confidence.  In  addition,  it  allows  the  in- 
/estigator  to  determine  how  many  units  (lbs/acre  or  kg/ha)  the 
■evegetated  area  deviates  from  the  required  90  percent  of  the 
production  or  cover  of  the  reference  area  with  the  specified 
evel  of  confidence. 

STEP  6.  Compute  the  weighted  mean  for  all  of  the  samples 
aken.  If  first  and  second  stage  samples  were  taken  in  both  the 
evegetated  and  reference  areas: 

X..    =  w,x,,  +  W2X21  +  w,x,2  +  W4X22  (eq.  7) 

vhere 

w,     =  (-.9)n,,/n,. 

Wj    =  nii/ni. 

w,    =  (-.9)n,2/n,. 

W4    =  n22/n2. 

n,.    =  n,,  +  n,2 

nj.    =  n2i  +  n22 
f  the  sample  size  requirement  was  met  in  the  first  stage 
ample: 

X..    =  -.9x,,  +  (1)X2,  (eq.  8) 

f  second  stage  samples  were  taken  in  only  the  revegetated 
jeas: 

X..    =  w,x,,  +  W2X;,  +  W4X2>  (eq.  9) 

STEP  7.  The  confidence  limit  is  calculated  using: 

X..    ±  t  C  (eq.  10) 

t-here 

t       =  a  value  from  the  t  table  (table  20)  with  n,,  +  n;, 
-  2  degrees  of  freedom  and  a  probability  of  0.1. 

C     =  V(.81/n,.  +  l/n2.)s' 

s-      =  the  pooled  variance  from  the  first  stage  results  (eq.  2). 

STEP  8.  The  interpretation  of  the  confidence  interval 
stimate  is  as  follows: 

Lower  limit  Conclusion 

positive  /X2  >  .9/i, 

negative  ^2  <  .9^, 

f  the  value  of  the  confidence  limit  is  positive,  the  revegetated 
rea  has  met  the  requirement  specified  in  the  regulations.  If  the 
onfidence  limit  is  negative,  the  revegetated  area  has  not  met 
he  requirement. 
■jcample  I 

STEP  1.  Suppose  we  estimate  from  past  sampling  experience 
hat  the  reference  area  has  a  mean  of  3,600  lb/acre  and  a 
ariance  of  1960.  A  d  value  is  chosen  as  a  small  fraction,  one- 
lalf,  of  1  percent  of  this  reference  area  mean.  This  value  is 
6  -^  2  =  18. 

STEP  2.  Compute  the  minimum  required  sample  size  from 
he  reference  area  using  equation  1: 
n,,   =  (.81)(2.00(1960)/18^ 
=  6350.4/324 
=  19.6 
.'here  t  is  estimated  as  2.0. 

Multiply  the  value  of  n,,  obtained  above  by  1.5  or  2  to  obtain 
\\e  number  of  first  stage  random  samples.  In  this  case,  30  to 


40  samples  would  be  taken  from  both  the  reference  and  reveg- 
etated areas. 

STEP  3.  For  40  samples  from  both  areas,  we  compute  the 
following  values.  Calculation  of  x  and  s,'  is  illustrated  in  table 
19. 
Calculate  s^  from  equation  2. 

X,,    =  3322  lb/acre  s,^  =  1915 

X2,    =  3018  lb/acre  s^  =  2250 

s^      =  [(40-1)1915  +  (40-1)22501/(40  +  40-2) 
=  162435/78 
=  2082.5 
STEP  4.  Look  up  t  with  (40  +  40-2)  degrees  of  freedom 
and  a  probability  of  0.1  (table  20).  Compute  using  equations  3, 
4,  and  5: 

A     =  (40)(1.29^)(2082.5) 

=  138619.5 
B   =  40(180  -  (.81)(1. 29^(2082. 5) 
=  10153.0 
138619.5 


n22    = 


40 


10153.0 
=  -26.3 

STEP  5.  Interpretation:  Since  n22  is  negative,  no  further 
samples  are  needed. 

STEP  6.  Compute  the  weighted  mean  using  equation  8. 

X..    =  (-.9)(3322)  +  (1)3081 
=  91.2 

STEP  7.  Calculate  the  confidence  limit  using  equation  10. 

X..    -  (1.29)(9.7) 

X..    -  12.5 
where 

t       =  1 .29  for  (40  +  40  -  2)  degrees  of  freedom  and  a  probabil- 
ity of  0.1 

C      =  V(. 81/40  +   1/40)2082.5 
=  9.7 
The  confidence  limit  is 

91.2  -  12.5  =  78.7 

STEP  8.  Interpretation:  Since  the  limit  is  positive,  we  con- 
clude that  the  mean  value  of  the  revegetated  area  was  more 
than  90  percent  of  the  mean  value  of  the  reference  area.  The 
revegetated  area  has  met  the  requirement  for  successful  revege- 
tation,  but  more  information  is  available.  The  revegetated  area 
yields  at  least  79  lb/acre  more  than  the  critical  90  percent  of 
the  reference  area  yield  (90  percent  confidence). 
Example  2 

STEP  1.  We  estimate  that  the  reference  area  has  a  mean  of 
2,2(X)  lb/acre  and  a  variance  of  500.  A  value  for  d  is  chosen  as 
one-half  of  1  percent  of  the  reference  area  mean.  The  d  value 
is  22  -  2  =  11. 

STEP  2.  Compute  the  minimum  required  sample  size  from 
the  reference  area  using  equation  1 . 

n,,    =  (.81)(2.00(500)/11- 
=  13.4 
where  a  t  value  of  2.0  is  used. 

The  value  of  n,,  is  multiplied  by  1.5  or  2  to  obtain  the 
number  of  first  stage  random  samples.  The  number  of  samples 
to  be  taken  from  both  the  reference  and  revegetated  areas  is  20 
to  27. 
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STEP  3.  Obtain  27  samples  from  both  areas  and  compute 
the  following  values.  Calculation  of  x  and  s;  is  illustrated  in 
table  19. 

Calculate  s^  from  equation  2. 
Xn    =  2243  lb/acre  s]  =  1630 

X2,    =2031  lb/acre  sj  =  2462 

s^      =  ((27  -  1)1630  +  (27  -  l)2462]/27  +  27-2) 
=  106392/52 
=  2046 
STEP  4.  Look  up  t  with  (27  +  27-2)  degrees  of  freedom 
and  a  probability  of  0.1.  Compute  using  equations  3,  4,  and  5: 
A     =  27(1.30^)(2046) 

=  93359.0 
B     =  27(1  P)  -  (. 8 1)(  1.300(2046) 
=  3267  -  2800.8 
=  466.2 
93359.0 


njj    = 


27 


466.2 
=  173.3 
STEP  5.  We  judge  n22  to  be  unreasonably  large.  Additional 
samples  are  required  from  both  the  reference  and  revegetated 
areas.  A  sample  size  of  Ui  is  taken  from  each  of  the  reference 
and  revegetated  areas,  where  Uj  is  calculated  from  equation  6: 
n:     =  [1.81(1.30^)(2046)]/(110  -  27 
=  51.7  -  27 
=  25 
Consider  n,2  =  Uzj  =  n2 

STEP  6.  Compute  the  means  of  the  reference  and  the  reveg- 
etated area  obtained  from  the  second  stage  sample,  n2. 
x,2    =  2197  X22  =  1990 

Then  compute  the  weighted  mean  for  all  sample  means  from 
both  stages  from  equation  7. 
X..    =  (-.47)2243  +  (.52)2031  +  (-.43)2197  +  (.48)1990 
=  -1054.2  +  1056.1  -  944.7  +  955.2 
=  12.4 
where 
w,     =  (-.9)27/52  =  -.47 
W2    =  27/52  =     .52 

W,   =  (-.9)25/52  =  -.43 
w,    =  25/52  =     .48 

n,.    =27  +  25        =      52 
n2.    =27  +  25        =      52 

STEP  7.  Calculate  the  confidence  limit  from  equation  10. 
X..    -  1.30(8.4) 
X..    -  11.0 
where 
t       =  1 .30  for  (27  +  27-2)  degrees  of  freedom  and  a  prob- 
ability of  0. 1 . 
C      =  V(. 81/52  +  1/52)2046 
=  8.4 

where  s^  is  the  value  computed  from  the  first  stage  results.  The 
confidence  limit  is: 

12.4  -  11.0  =  1.4 


STEP  8.  Interpretation:  Because  the  limit  is  positive,  the 
revegetated  area  has  met  the  requirement  for  successful  reveg- 
etation.  The  revegetated  area  yields  1.4  lb/acre  more  than  the 
critical  90  percent  of  the  reference  area  yield  (90  percent 
confidence). 
Example  3  ' 

STEP  1.  We  estimate  that  the  reference  area  has  a  mean  of 
1500  lb/acre  and  a  variance  of  400.  A  value  for  d  is  selected  as 
one-half  1  percent  of  the  reference  area  mean.  The  d  value  is 
15  ^  2  =  8. 

STEP  2.  Compute  the  minimum  sample  size  needed  from 
the  reference  area  using  equation  1. 

n,,    =  (.81)(2.00(400)/8^ 
=  12%/64 
=  20.3 
where  t  =  2.0 

Multiply  n,,  by  1.5  or  2  to  determine  the  number  of  first 
stage  random  samples.  In  this  case,  30  to  40  samples  should  be 
taken  from  both  the  reference  and  revegetated  areas. 

STEP  3.  40  samples  are  obtained  from  both  areas.  Compute 
from  table  19  and  equation  2. 
X,,    =  1743  sf  =  752 

X2,    =  1318  s?  =  1114 

s^      =  (40-l)(752)  +  (40-l)(1114)/(40  +  40-2) 
=  72774/78 
=  933.0 
STEP  4.  Find  t  with  (40  +  40-2)  degrees  of  freedom  and  a 
probability  of  0.1.  Compute  using  equations  3,  4,  and  5. 
A     =  40(1.290(933.0) 

=  62104.2 
B     =  40(80  -  (.80(1.290(933.0) 
=  2560  -  1257.6 
=  1302.4 
62104.2 


n22    = 


40 


1302.4 
=  47.7  -  40 
=  7.7  or  8 
STEP  5.  The  value  of  n22  is  a  reasonable  sample  size  for  the 
revegetated  area.  An  additional  sample  of  size  8  is  obtained 
from  the  revegetated  area,  for  the  second  stage. 

STEP  6.  The  mean  of  the  revegetated  area  for  the  second 
stage  sample  is  computed  to  be  1,352.  Next,  compute  the 
weighted  mean  for  all  sample  means  from  both  stages  using 
equation  9. 
X..    =  (-.9)(1743)  +  (.83)(1318)  +  (.17)(1352) 
=  -  1568.7  +   1093.9  +  229.8 
=  -245.0 
where 
w,     =  (-.9)40/40  =   -.9 
W2    =  40/48  =     .83 

w,    =  8/48  =     .17 

n,.    =  40  +  0         =      40 
n,.    =  40  +  8  =      48 
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STEP  7.  Calculate  the  confidence  limit  using  equation  10. 

X..    -  1.29(6.2) 

X..    -  8.0 
where 

t       =  1 .29  for  (40  +  40  -  2)  degrees  of  freedom  and  a  prob- 
ability of  0.1. 

C      =  V[(. 81/40)  +  (1/48)1933.0 
=  6.2 
where  s-  is  the  value  computed  from  the  first  stage  results. 

The  confidence  limit  estimate  is: 

-245.0  -  8.0  =   -253.0 

STEP  8.  Interpretation:  Since  the  limit  is  negative,  the  reveg- 
etated  area  did  not  meet  the  requirement  for  successful  revege- 
tation.  The  revegetated  area  may  yield  as  much  as  253  lb/acre 
less  than  the  critical  90  percent  of  the  reference  area  (90  percent 
confidence). 

Additional  Considerations 

If  the  statistical  tests  reveal  that  the  revegetated  area  has  not 
met  the  criteria  for  successful  revegetation,  it  may  be  desirable 
to  examine  the  possible  causes. 

1 .  Error  resulting  in  data  that  does  not  represent  the  true 
populations  (lacks  accuracy)  and/or  that  is  not  repeatable 
(lacks  precision)  could  play  a  large  part  in  arriving  at  a  failse 
conclusion  when  testing  hypotheses  or  examining  confidence 
limits.  Error  can  manifest  itself  in  several  ways.  The  sample 
unit  chosen  may  not  have  been  representative  of  the  vegetation 
type  being  selected  for,  or  the  sample  unit  may  have  been 
located  on  an  ecotone  or  transition  between  vegetation  types. 
Potentially  this  could  increase  the  variability  of  the  sample 
within  a  single  sample  unit  as  well  as  between  the  two  sample 
units.  In  addition,  the  sampling  methods  selected  may  have 
been  inappropriate  for  the  vegetation  type  or  site  conditions. 
Finally,  the  collection  and  analysis  of  the  data  may  have  been 
biased  or  may  have  lacked  precision.  This  could  greatly  increase 
the  variability  of  data. 

Error  can  easily  be  compounded.  Each  error  has  the  ability 
to  increase  the  magnitude  of  subsequent  errors.  If  error  is 
suspected,  it  may  be  necessary  for  the  investigator  to  revise  the 
sampling  scheme. 

2.  The  investigator  may  have  chosen  an  unrealistic  value  of 
d,  the  acceptable  amount  of  difference  between  the  means.  It 
may  be  necessary  to  try  several  different  d  values  to  find  the 
one  that  best  fits  the  sampling  situations.  In  vegetation  types 
with  a  high  degree  of  inherent  variabihty,  the  requirement  that 
the  mean  production  and  cover  of  the  vegetated  area  be  within 
90  percent  of  that  of  the  reference  area  may  be  unrealistic  in 
terms  of  the  large  numbers  of  samples  required  and  the  high 
degree  of  similarity  needed  between  the  reference  and  revege- 
tated areas.  However,  unless  the  regulations  are  changed,  the 
required  percentage  of  the  reference  area  mean  cannot  be 
changed. 

The  confidence  level  (a  value)  should  not  be  lowered.  The 
confidence  level  determines  the  amount  of  faith,  or  confidence, 
that  the  investigator  can  have  in  his  estimate  of  cover,  density, 
or  production,  and  it  is  necessary  to  have  a  high  degree  of  con- 
fidence in  this  estimate  in  order  to  draw  valid  conclusions. 


PUBLICATIONS  CITED 

Avery,  T.  E.  Forest  measurements.  1st  ed.  New  York: 
McGraw-Hill;  1%7.  290  p. 

Basile,  J.  V.;  Hutchings,  S.  S.  Twig  diameter-length-weight 
relations  for  bitterbrush.  J.  Range  Manage.  19:  34-38;  1966. 

Bonham,  C.  D.;  Larson,  L.  L.;  Morrison,  A.  A  survey  of  tech- 
niques for  measurement  of  and  diversity  on  coal  lands  in  the 
West.  Denver,  CO:  U.S.  Department  of  the  Interior,  Office 
of  Surface  Mining,  Region  V.  Contract  No.  J7090435;  1980. 

Bray,  J.  R.;  Curtis,  J.  T.  An  ordination  of  upland  forest 
communities  of  southern  Wisconsin.  Ecol.  Monogr.  27: 
325-349;  1957. 

Cook,  C.  W.;  Bonham,  C.  D.  Techniques  for  vegetation  meas- 
urements and  analysis  for  pre-  and  post-mining  inventory. 
Range  Science  Series  No.  28.  Fort  Collins,  CO:  Colorado 
State  University,  Department  of  Range  Science;  1977.  94  p. 

Dilworth,  J.  R.  Log  scaling  and  timber  cruising.  2d  ed. 
Corvallis,  OR:  Oregon  State  University  Book  Stores;  1964. 
446  p. 

Dyksterhuis,  E.  J.  Condition  and  management  of  range  land 
based  on  quantitative  ecology.  J.  Range  Manage.  2:  104-1 14; 
1949. 

Greig-Smith,  P.  Quantitative  plant  ecology.  2d  ed.  London: 
Butterworth;  1964.  256  p. 

Hovind,  H.  J.;  Rieck,  C.  E.  Basal  area  and  point-sampling  in- 
terpretation and  applications.  Tech.  Bull.  No.  23.  Madison, 
WI:  Department  of  Natural  Resources;  1970. 

Jensen,  C.  H.;  Umess,  P.  J.  Establishing  browse  utilization 
from  twig  diameters.  J.  Range  Manage.;  In  press. 

Joint  Committee  of  the  American  Society  of  Range  Manage- 
ment and  the  Agricultural  Board.  Basic  problems  and  tech- 
niques in  range  research.  Publ.  No.  890.  Washington,  DC: 
National  Academy  of  Sciences — National  Research  Council; 
I%2.  341  p. 

Knight,  D.  H.  Methods  for  sampling  vegetation.  An  instruction 
manual.  Laramie,  WY:  University  of  Wyoming,  Department 
of  Botany,  Ark  Industries;  1978.  87  p. 

Motyka,  J.;  Dobrzanski,  B.  ;  Zawadski,  S.  Wstepne 
badanla  nad  lakami  paludniowo-wschodneij 
Lubelszczyzny.  [Preliminary  studies  on  meadows  in  the 
southwest  province  Lublin.]  Arm.  Univ.  M  Curie- 
Sklowdowska,  Sec.  E5:  367-447;  1950. 

Mueller-Dombois,  D.;  EUenberg,  H.  Aims  and  methods  of  veg- 
etation ecology.  New  York:  John  Wiley  and  Sons;  1974. 
547  p. 

Olds,  E.  G.  Distribution  of  sums  of  squares  of  rank  differences 
for  small  samples.  Ann.  Math.  Stat.  9:  133-148;  1938. 

Peet,  R.  K.  The  measurement  of  species  diversity.  Annu.  Rev. 
Ecol.  Syst.  5:  285-307;  1974. 

Pielou,  E.  C.  The  measurement  of  diversity  in  different  types 
of  biological  collections.  J.  Theor.  Biol.  13:  131-144;  1966. 

Pielou,  E.  C.  Population  and  community  ecology.  Principles 
and  methods.  New  York:  Gordon  and  Breach  Science  Pub- 
lishers; 1974.  424  p. 

Pielou,  E.  C.  Ecological  diversity.  New  York:  John  Wiley  and 
Sons;  1975.  165  p. 

Pieper,  R.  D.  Measurement  techniques  for  herbaceous  and 
shrubby  vegetation.  Las  Cruces,  NM:  New  Mexico  State 
University,  Department  of  Animal,  Range,  and  Wildlife 
Sciences,  1973.  187  p. 


36 


Shiue,  C.  Systematic  sampling  with  multiple  random  starts. 
For.  Sci.  6:  42-50;  1960. 

Smith,  A.  D.;  Umess,  P.  J.  Analyses  of  the  twig  length 
methodof  determining  utilization  of  browse.  Publ.  No. 
62-9.  Salt  Lake  City,  UT:  Utah  State  Department  of  Fish 
and  Game;  1%2. 

Snedecor,  G.  W.;  Cochran,  W.  G.  Statistical  methods.  5th  ed. 
Ames,  lO:  Iowa  State  University  Press;  1%7.  593  p. 

Society  for  Range  Management.  A  glossary  of  terms  used  in 
range  management.  2d  ed.  M.  M.  Kotham,  ed.  Denver,  CO: 
Belke  Printing;  1974.  36  p. 

Sokal,  R.  R.;  Rohlf,  F.  J.  Biometry.  San  Francisco:  W.  H. 
Freeman;  1%9.  776  p. 

Spatz,  G.  Pflanzengesell  schaften  Leistung  und  Leistung 
spotential  von  Allgauer  Alpweiden  in  Abhangig  keit 
von  Standort  und  Bewirtschaftung.  Munich: 
Technologische  Universitat;  1970.  160  p.  Dissertation. 

Steele,  R.;  Cooper,  S.  V.;  Ondov,  D.  M.;  Pfister,  R.  D.  Forest 
habitat  types  of  Eastern  Idaho- Western  Wyoming.  Review 
draft.  Boise,  ID:  U.S.  Department  of  Agriculture,  Forest 
Service,  Intermountain  Forest  and  Range  Experiment  Sta- 
tion, Forestry  Sciences  Laboratory;  1979. 

Steward,  M.  The  use  of  a  similarity  index  in  evaluating 
reclamation  success.  Proc.  of  the  Western  Reclamation 
Group  Workshop;  Denver,  CO,  April  28-29,  1982.  In  press. 

't  Mannetje,  L.  Measurement  of  grassland  vegetation  and 
animal  production.  Bull.  52.  Aurley,  Berkshire,  England: 
Commonwealth  Bureau  of  Pastures  and  Field  Crops;  1978. 
260  p. 

U.S.  Department  of  Agriculture,  Forest  Service.  Range  en- 
vironmental analysis.  Rocky  Mountain  Region.  For.  Serv. 
Handb.  2209.21.  Forest  Service,  Rocky  Mountain  Region; 
1968. 

U.S.  Department  of  Agriculture,  Soil  Conservation  Service. 
National  range  handbook.  NRH-1.  Washington,  DC:  U.S. 
Department  of  Agriculture,  Soil  Conservation  Service;  1976. 

U.S.  Department  of  the  Interior,  Bureau  of  Land  Management. 
Manual  4412  -  Physical  resource  studies.  Section 
4412.14  -  Soil-vegetation  inventory  method.  Washington, 
DC:  U.S.  Department  of  Agriculture;  1979.  55  p. 

Van  Dyne,  G.  M.;  Vogel,  W.  G.;  Fisser,  H.  G.  Influence  of 


plot  size  and  shape  on  range  herbage  production  estimates. 
Ecology.  44:  746-759;  1%3. 

Whittaker,  R.  H.  Dominance  and  diversity  in  land  plant  com- 
munities. Science.  147:  250-260;  1%5. 

Whittaker,  R.  H.  Evolution  and  measurement  of  species  diver- 
sity. Taxon.  21(2/3):  213-251;  1972. 

OTHER  REFERENCES 

Avery,  T.  E.  Interpretation  of  aerial  photographs.  3d  ed. 

Minneapolis,  MN:  Burgess  Publishing;  1972.  392  p. 
Avery,  T.  E.  Natural  resource  measurements.  2d  ed.  New 

York:  McGraw-Hill;  1975.  337  p. 
Brown,  D.  Methods  of  surveying  and  measuring  vegetation. 

Bull.  No.  42.  Hurley,  Berkshire,  England:  Commonwealth 

Bureau  of  Pastures  and  Field  Crops;  1954.  223  p. 
Burt,  R.  D.  The  use  of  aerial  photographs.  Tech.  Note  287. 

Denver,  CO:  U.  S.  Department  of  the  Interior,  Bureau  of 

Land  Management ;  1976. 
Chapman,  S.  B.,  ed.  Methods  in  plant  ecology.  Oxford, 

England:  Blackwell  Scientific;  1976.  536  p. 
Haber,  A.;  Runyon,  R.  P.  General  statistics.  London: 

Addison-Wesley;  1%9.  35  p. 
Lommasson,  T.;  Jenson,  C.  Determining  utilization  of  range 

grasses  from  height-weight  tables.  J.  For.  41:  589-593;  1943. 
Lyon,  J.  L.  An  evaluation  of  density  sampling  methods  in  a 

shrub  community.  J.  Range  Manage.  21:  16-20;  1%8. 
Mendenhall,  W.  Introduction  to  probability  and  statistics.  3d 

ed.  Belmont,  CA:  Duxbury  Press;  1971.  466  p. 
Mosteller,  F.;  Rourke,  R.  E.  Sturdy  statistics.  London: 

Addison-Wesley;  1973.  395  p. 
Ostle,  B.;  Mensing,  R.  W.  Statistics  in  research.  3d  ed.  Ames, 

lO:  Iowa  State  University  Press;  1975.  5%  p. 
Ott,  L.  An  introduction  to  statistical  methods  and  data 

analysis.  North  Scituate,  MA:  Duxbury  Press;  1977.  730  p. 
Pearson,  E.  S.;  Hoartley,  H.  O.  Biometrika  tables  for  statisti- 
cians, v.  1.  Cambridge,  Great  Britain:  University  Press;  1954. 

238  p. 
Stein,  C.  A  two-sample  test  for  a  linear  hypothesis  whose 

power  is  independent  of  the  variance.  Ann.  Math.  Stat.  16: 

243;  1945. 


37 


APPENDIX  I 


§816.111     Revegetation:    General    require- 
ments. 

(a)  Each  person  who  conducts  sur- 
face mining  activities  shall  establish 
on  all  affected  land  a  diverse,  effec- 
tive, and  permanent  vegetative  cover 
of  the  same  seasonal  variety  native  to 
the  area  of  disturbed  land  or  species 
that  supports  the  approved  postmin- 
Lng  land  use.  For  areas  designated  as 
prime  farmland,  the  requirements  of 
30  CPR  823  shall  apply. 

(b)  All  revegetation  shall  be  in  com- 
pliance with  the  plans  submitted 
under  30  CFR  780.18  and  780.23.  as  ap- 
proved by  the  regulatory  authority  in 
the  permit,  and  carried  out  in  a 
maruier  that  encourages  a  prompt 
vegetative  cover  and  recovery  of  pro- 
ductivity levels  compatible  with  the 
approved  postmining  land  use. 

(1)  All  disturbed  land,  except  water 
areas  and  surface  areas  of  roads  that 
are  approved  as  a  part  of  the  postmin- 
ing land  use,  shall  be  seeded  or  plant- 
ed to  achieve  a  permanent  vegetative 
cover  of  the  same  seasonal  variety 
native  to  the  area  of  disturbed  land. 

(2)  The  vegetative  cover  shall  be  ca- 
pable of  stabilizing  the  soil  surface 
from  erosion. 

(3)  Vegetative  cover  shall  be  consid- 
ered of  the  same  seasonal  variety 
when  it  consists  of  a  mixture  of  spe- 
cies of  equal  or  superior  utility  for  the 
approved  postmining  land  use.  when 
compared  with  the  utility  of  naturally- 
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occurring     vegetation      during     each 
season  of  the  year. 

(4)  If  both  the  premining  and  post- 
mining  land  uses  are  cropland,  plant- 
ing of  the  crops  normally  grown  will 
meet  the  requirements  of  Paragraph 
(b)(1)  of  this  Section. 

§816.112     Revegetation:  Use  of  introduced 
species. 

Introduced  species,  may  be  substitut- 
ed for  native  species  only  if  approved 
by  the  regulatory  authority  under  the 
following  conditions: 

(a)  After  appropriate  field  trials 
have  demonstrated  that  the  intro- 
duced species  are  desirable  and  neces- 
sary to  achieve  the  approved  postmin- 
ing land  use; 

(b)  The  species  are  necessary  to 
achieve  a  quick,  temporary,  and  stabi- 
lizing cover  that  aids  in  controlling 
erosion;  and  measures  to  establish  per- 
manent vegetation  are  included  in  the 
approved  plan  submitted  under  Sec- 
tions 780.18(b)(3)  and  780.23. 

(c)  The  species  are  compatible  with 
the  plant  and  animal  species  of  the 
region; 

(d)  The  species  meet  the  require- 
ments of  applicable  State  and  Federal 
seed  or  introduced  species  statutes  and 
are  not  poisonous  or  noxious. 

§816.113     Revegetation:  Timing. 

Seeding  and  planting  of  disturbed 
areas  shall  be  conducted  during  the 
first  normal  period  for  favorable 
planting  conditions  after  final  prepa- 
ration. The  normal  period  for  favora- 
ble planting  shall  be  that  planting 
time  generally  accepted  locally  for  the 
type  of  plant  materials  selected.  When 
necessary  to  effectively  control  ero- 
sion, any  disturbed  area  shall  be 
seeded  and  planted,  as  contemporane- 
ously as  practicable  with  the  comple- 
tion of  backfilling  and  grading,  with  a 
temporary  cover  of  small  grains, 
grasses,  or  legumes  until  a  permanent 
cover  is  established. 

§816.114     Revegetation:       Mulching       and 
other  soil  stabilizing  practices. 

(a)  Suitable  mulch  and  other  soil 
stabilizing  practices  shall  be  used  on 
all  regraded  and  topsoiled  areas  to 
control  erosion,  promote  germination 
of  seeds,  or  increase  the  moisture-re- 
tention capacity  of  the  soil.  The  regu- 
latory authority  may,  on  a  caise-by- 
case  basis,  suspend  the  requirement 
for  mulch,  if  the  permittee  can  demon- 
strate that  alternative  procedures  will 
achieve  the  requirements  of  816.116 
and  do  not  cause  or  contribute  to  air 
or  water  pollution. 

(b)  When  required  by  the  regulatory 
authority,  mulches  shall  be  mechani- 
cally or  chemically  anchored  to  the 
soil  surface  to  assure  effective  protec- 
tion of  the  soil  and  vegetation. 
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(c)  Annual  grasses  and  grains  may  be 
used  alone,  as  in  situ  mulch,  or  in  con- 
junction with  another  mulch,  when 
the  regulatory  authority  determines 
that  they  will  provide  adequate  soil 
erosion  control  and  will  later  be  re- 
placed by  perennial  species  approved 
for  the  postmining  land  use. 

(d)  Chemical  soil  stabilizers  alone,  or 
in  combination  with  appropriate 
mulches,  may  be  used  in  conjunction 
with  vegetative  covers  approved  for 
the  postmining  land  use. 

§816.115     Revegetation:  Grazing. 

When  the  approved  postmining  land 
use  is  range  or  pasture  land,  the  re- 
claimed land  shall  be  used  for  live- 
stock grazing  at  a  grazing  capacity  ap- 
proved by  the  regulatory  authority  ap- 
proximately equal  to  that  for  similar 
non-mined  lands,  for  at  least  the  last 
two  full  years  of  liability  required 
under  Section  816.116(b). 

§816.116     Revegetation:  Standards  for  suc- 
cess. 

(a)  Success  of  revegetation  shall  be 
measured  by  techniques  approved  by 
the  regulatory  authority  after  consul- 
tation with  appropriate  State  and  Fed- 
eral agencies.  Comparison  of  ground 
cover  and  productivity  may  be  made 
on  the  basis  of  reference  areas  or 
through  the  use  of  technical  guidance 
procedures  published  by  USDA  or 
USDI  for  assessing  ground  cover  and 
productivity.  Management  of  the  ref- 
erence area,  if  applicable,  shall  be 
comparable  to  that  which  is  required 
for  the  approved  postmining  land  use 
of  the  permit  area. 

(b)  (1)  Ground  cover  and  productiv- 
ity of  living  plants  on  the  revegetated 
area  within  the  permit  area  shall  be 
equal  to  the  ground  cover  and  produc- 
tivity of  living  plants  on  the  approved 
reference  area  or  to  the  standards  in 
other  technical  guides  approved  by 
the  Director  for  use  in  the  regulatory 
program.  The  period  of  extended  re- 
sponsibility under  the  performance 
bond  requirements  of  Subchapter  J 
initiates  when  ground  cover  equals  the 
approved  standard  after  the  last  year 
of  augmented  seeding,  fertilizing,  irri- 
gation or  other  work  which  ensures 
success  in— 

(i)  Areas  of  more  than  26.0  inches 
average  annual  precipitation;  and  con- 
tinues for  not  less  than  five  years. 
Ground  cover  and  productivity  shall 
equal  the  approved  standard  for  the 
last  two  consecutive  years  of  the  re- 
sponsibility period;  or  in 

(ii)  Areas  of  less  than  or  equal  to 
26.0  inches  average  annual  precipita- 
tion; and  continues  for  not  less  than 
10  years.  Ground  cover  and  productiv- 
ity shall  equal  the  approved  standard 
for  the  last  two  consecutive  years  of 
the  responsibility  period. 
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(2)  For  purposes  of  paragraph  (b)(1) 
of  this  Section,  the  average  annual 
precipitation  can  be  determined 
either— 

(i)  By  interpolation,  using  standard 
techniques,  from  'Mean  Annual  Pre- 
cipitations,' Map,  p.  97.  The  National 
Atlas  of  the  United  States,  U.S.  De- 
partment of  the  Interior,  Geological 
Survey,  1970;  or  from  'Climatic  Atlas 
of  the  United  States,'  U.S.  Dept.  of 
Commerce,  National  Oceanic  and  At- 
mospheric Administration,  1974;  or 
from  long-term  precipitation  averages 
from  'Climatological  Data,'  U.S.  Dept. 
of  Commerce,  National  Oceanic  and 
Atmospheric  Administration;  or  from 
other  official  records;  or 

(ii)  Based  on  10  years  of  continuous 
and  reliable  precipitation  records  from 
stations  located  in  or  adjacent  to  the 
mine  plan  area. 

(3)  The  ground  cover  and  productiv- 
ity of  the  revegetated  area  shall  be 
considered  equal  if  they  are  at  least  90 
percent  of  the  ground  cover  and  pro- 
ductivity of  the  reference  area  with  90 
percent  statistical  confidence,  or  with 
80  percent  statistical  confidence  on 
shrublands,  or  ground  cover  and  pro- 
ductively are  at  least  90  percent  of  the 
standards  in  a  technical  guide  ap- 
proved pursuant  to  30  CFR 
816.116(b)(1).  Exceptions  may  be  au- 
thorized by  the  regrulatory  authority 
under  the  following  standards: 

(i)  For  previously  mined  areas  that 
were  not  reclaimed  to  the  require- 
ments of  this  Subchapter,  as  a  mini- 
mum the  ground  cover  of  living  plants 
shall  not  be  less  than  can  be  supported 
by  the  best  available  topsoil  or  other 
suitable  material  in  the  reaffected 
area,  shall  not  be  less  than  the  ground 
cover  existing  before  redisturbance, 
and  shall  be  adequate  to  control  ero- 
sion; 

(il)  For  areas  to  be  developed  for  in- 
dustrial or  residential  use  less  than  2 
years  after  regrading  is  completed,  the 
ground  cover  of  living  plants  shall  not 
be  less  than  required  to  control  ero- 
sion; and 

(iii)  For  areas  to  be  used  for  crop- 
land, success  in  revegetation  of  crop- 
land shall  be  determined  on  the  basis 
of  crop  production  from  the  mined 
area  as  compared  to  approved  refer- 
ence areas  or  other  technical  guidance 
procedures.  Crop  production  from  the 
mined  area  shall  be  equal  to  or  greater 
than  that  of  the  approved  standard 
for  the  last  two  consecutive  growing 
seasons  of  the  5  or  10  year  liability 
period  established  in  (b)(1)  of  this  Sec- 
tion. The  applicable  5  or  10  year 
period  of  responsibility  for  revegeta- 
tion shall  commence  at  the  date  of  ini- 
tial planting  of  the  crop  being  grown. 
Production  shall  not  be  considered 
equal  if  it  is  less  than  90  percent  of 
the  production  of  the  approved  stand- 


ard with  90  percent  statistical  confi- 
dence. 

(iv)  On  areas  to  be  developed  for  fish 
and  wildlife  management  or  forest- 
land,  success  of  vegetation  shall  be  de- 
termined on  the  basis  of  tree,  shrub  or 
half-shrub  stocking  and  ground  cover. 
The  tree,  shrub,  or  half-shrub  stocking 
shall  meet  the  standards  described  in 
Section  816.117.  The  area  seeded  to  a 
ground  cover  shall  be  considered  ac- 
ceptable if  it  is  at  least  70  percent  of 
the  ground  cover  of  the  reference 
areas  with  90  percent  statistical  confi- 
dence or  if  the  ground  cover  is  deter- 
mined to  be  adequate  to  control  ero- 
sion by  the  regulatory  authority.  Sec- 
tion 816.116(b)  shall  determine  the  re- 
sponsibility period  and  the  frequency 
of  ground  cover  measurement. 

(c)  The  person  who  conducts  surface 
mining  activities  shall— 

(1)  Maintain  any  necessary  fences 
and  proper  management  practices;  and 

(2)  Conduct  periodic  measurements 
of  vegetation,  soils,  and  water  pre- 
scribed or  approved  by  the  regulatory 
authority,  to  identify  conditions 
during  the  applicable  period  of  liabili- 
ty specified  in  Paragraph  (b)  of  this 
Section. 

(d)  For  permit  areas  40  acres  or  less 
in  size,  in  locations  with  an  average 
annual  precipitation  of  more  than  26 
inches,  the  following  performance 
standards,  if  approved  by  the  regula- 
tory authority,  may  be  used  instead  of 
reference  areas  to  measure  success  of 
revegetation  on  sites  that  are  dis- 
turbed. These  standards  shall  be  met 
for  a  minimum  of  5  full  consecutive 
years. 

(1)  Areas  planted  only  in  herbaceous 
species  shall  sustain  a  vegetative 
ground  cover  of  70  percent  for  5  full 
consecutive  years. 

(2)  Areas  planted  with  a  mixture  of 
herbaceous  and  woody  species  shall 
sustain  a  herbaceous  vegetative 
ground  cover  of  70  percent  for  5  full 
consecutive  years  and  400  woody 
plants  per  acre  after  5  years.  On  steep 
slopes,  the  minimum  number  of  woody 
plants  shall  be  600  per  acre. 

(3)  For  purposes  of  this  Section,  her- 
baceous species  means  grasses,  le- 
gumes, and  nonleguminous  forbs; 
woody  plants  means  woody  shrubs, 
trees  and  vines;  and  ground  cover 
means  the  area  of  ground  covered  by 
the  combined  aerial  parts  of  vegeta- 
tion and  the  litter  that  is  produced 
naturally  onsite,  expressed  as  a  per- 
centage of  the  total  area  of  measure- 
ment. 

§816.117  Revegetation:  Tree  and  shrub 
stocking  for  forest  land. 
This  Section  sets  forth  forest  re- 
source conservation  standards  for  re- 
forestation operations  to  ensure  that  a 
cover  of  commercial  tree  species,  non- 
commercial tree  species,  shrubs  or  half 


shrubs,  sufficient  for  adequate  use  of 
the  available  growing  space,  is  estab- 
lished after  surface  mining  activities. 

(a)  Stocking,  i.e.  the  number  of 
stems  per  unit  area,  will  be  used  to  de- 
termine the  degree  to  which  space  is 
occupied  by  well-distributed,  countable 
trees,  shrubs  or  half-shrubs. 

(1)  Root  crown  or  root  sprouts  over  1 
foot  in  height  shall  count  as  one 
toward  meeting  the  stocking  require- 
ments. Where  multiple  stems  occur 
only  the  tallest  stem  will  be  counted. 

(2)  A  countable  tree  or  shrub  means 
a  tree  that  can  be  used  in  calculating 
the  degree  of  stocking  under  the  fol- 
lowing criteria: 

(1)  the  tree  or  shrub  shall  be  in  place 
at  least  2  growing  seasons, 

(ii)  the  tree  or  shrub  shall  be  alive 
and  healthy,  and 

(iii)  the  tree  or  shrub  shall  have  at 
least  one  third  of  its  length  in  live 
crown. 

(3)  Rock  areas,  permanent  road  and 
surface  water  drainage  ways  on  the  re- 
vegetated  area  shall  not  require  stock- 
ing. 

(b)  The  following  are  the  minimum 
performance  standards  for  areas 
where  commercial  forest  land  is  the 
approved  postmining  land  use: 

(1)  The  area  shall  have  a  minimum 
stocking  of  450  trees  or  shrubs  per 
acre, 

(2)  A  minimum  of  75  percent  of 
countable  trees  or  shrubs  shall  be 
commercial  trees  species, 

(3)  The  number  of  trees  or  shrubs 
and  the  ground  cover  shall  be  deter- 
mined using  procedures  described  in 
Sections  816.116(b)(3)(iv)  and 
816.117(a)  and  the  sampling  method 
approved  by  the  regulatory  authority; 
when  the  stocking  is  equal  to  or  great- 
er than  450  trees  or  shrubs  per  acre 
and  there  is  acceptable  groundcover, 
the  5  or  10  year  responsibility  period 
required  in  Section  816.116(b)  shall 
begin; 

(4)  Upon  expiration  of  the  5  or  10 
year  responsibility  period  and  at  the 
time  of  request  for  bond  release,  each 
permittee  shall  provide  documentation 
showing  that  the  stocking  of  trees  and 
shrubs  and  the  groundcover  on  the  re- 
vegetated  area  satisfy  Sections 
816.116(b)(3)(iv)  and  816.117(c)(i). 

(c)  The  following  are  the  minimum 
performance  standards  for  areas 
where  woody  plants  are  used  for  wild- 
life management,  recreation,  shelter 
belts,  or  forest  uses  other  than  com- 
mercial forest  land: 

(1)  An  Inventory  of  trees,  half- 
shrubs  and  shrubs  shall  be  conducted 
on  established  reference  areas  accord- 
ing to  methods  approved  by  the  regu- 
latory authority;  this  inventory  shall 
contain  but  not  be  limited  to— 

(i)  site  quality, 

(il)  stand  size. 

(iii)  stand  condition. 
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(iv)  site  and  species  relations,  and 
(V)   appropriate   forest  land   utiliza- 
tion considerations. 

(2)  The  stocking  of  trees,  shrubs, 
half-shrubs  and  the  groundcover  es- 
tablished on  the  revegetated  area  shall 
approximate  the  stocking  and  ground 
cover  on  the  reference  area  and  shall 
utilize  local  and  regional  recommenda- 
tions regarding  species  composition, 
spacing  and  planting  arrangement. 
The  stocking  of  live  woody  plant§ 
shall  be  equal  to  or  greater  than  90 
percent  of  the  stocking  of  woody 
plants  of  the  same  life  form  on  the 
reference  area.  When  this  requirement 
is  met  and  acceptable  ground  cover  is 
achieved,  the  5  or  10  year  responsibili- 
ty period  required  in  Section 
816.116(b)  shall  begin. 

(3)  Upon  expiration  of  the  5  or  10 
year  responsibility  period  and  at  the 
time  of  request  for  bond  release,  each 
permittee  shall  provide  documentation 
showing  that: 

(i)  the  woody  plants  established  on 
the  revegetated  site  are  equal  to  or 
greater  than  90  percent  of  the  stock- 
ing of  live  woody  plants  of  the  same 
life  form  of  the  approved  reference 
areas  with  80  percent  statistical  confi- 
dence and 

(ii)  the  groundcover  on  the  revege- 
tated area  satisfies  Section 
816.116(b)(3)(iv).  Species  diversity,  sea- 
sonal variety  and  regenerative  capac- 
ity of  the  vegetation  of  the  revegetat- 
ed area  shall  be  evaluated  on  the  basis 
of  the  results  which  could  reasonably 
be  expected  using  the  revegetation 
methods  described  in  the  mining  and 
reclamation  plan. 

§816.131     Cessation  of  operations:  Tempo- 
rary. 

(a)  Each  person  who  conducts  sur- 
face mining  activities  shall  effectively 
secure  surface  facilities  in  areas  in 
which  there  are  no  current  operations, 
but  in  which  operations  are  to  be  re- 
sumed under  an  approved  permit. 
Temporary  abandonment  shall  not  re- 
lieve a  person  of  their  obligation  to 
comply  with  any  provisions  of  the  ap- 
proved permit. 

(b)  Before  temporary  cessation  of 
mining  and  reclamation  operations  for 
a  period  of  thirty  days  or  more,  or  as 
soon  as  it  is  known  that  a  temporary 
cessation  will  extend  beyond  30  days, 
pensons  who  conduct  surface  mining 
activities  shall  submit  to  the  regula- 
tory authority  a  notice  of  intention  to 
cease  or  abandon  mining  and  reclama- 
tion operations.  This  notice  shall  in- 
clude a  statement  of  the  exact  number 
of  acres  which  will  have  been  affected 
in  the  permit  area,  prior  to  such  tem- 
porary cessation,  the  extent  and  kind 
of  reclamation  of  those  areas  which 
will  have  been  accomplished,  and  iden- 
tification of  the  backfilling,  regrading, 
revegetation,   environmental   monitor- 


ing, and  water  treatment  activities 
that  will  continue  during  the  tempo- 
rary cessation. 

§816.132     Cessation  of  operations:  Perma- 
nent 

(a)  Persons  who  cease  surface 
mining  activities  permanently  shall 
close  or  backfill  or  otherwise  perma- 
nently reclaim  all  affected  areas,  in  ac- 
cordance with  this  Chapter  and  the 
permit  approved  by  the  regulatory  au- 
thority. 

(b)  All  underground  openings,  equip- 
ment, structures,  or  other  facilities  not 
required  for  monitoring,  unless  ap- 
proved by  the  regulatory  authority  as 
suitable  for  the  postmining  land  use  or 
environmental  monitoring,  shall  be  re- 
moved and  the  affected  land  re- 
claimed. 

§  816.133     Postmining  land  use. 

(a)  General.  All  affected  areas  shall 
be  restored  in  a  timely  manner  — 

(1)  To  conditions  that  are  capable  of 
supporting  the  uses  which  they  were 
capable  of  supporting  before  any 
mining;  or 

(2)  To  higher  or  better  uses  achiev- 
able under  criteria  and  procedures  of 
this  Section. 

(b)  Determining  pre-mining  use  of 
land.  The  pre-mining  uses  of  land  to 
which  the  postmining  land  use  is  com- 
pared shall  be  those  uses  which  the 
land  previously  supported,  if  the  land 
had  not  been  previously  mined  and 
had  been  properly  managed. 

(1)  The  postmining  land  use  for  land 
that  has  been  previously  mined  and 
not  reclaimed  shaU  be  judged  on  the 
basis  of  the  highest  and  best  use  that 
can  be  achieved  and  is  compatible  with 
surrounding  areas. 

(2)  The  postmining  land  use  for  land 
that  has  received  improper  manage- 
ment shall  be  judged  on  the  basis  of 
the  pre-mining  use  of  surrounding 
lands  that  have  received  proper  man- 
agement. 

(3)  If  the  premining  use  of  the  land 
was  changed  within  5  years  of  the  be- 
girming  of  mining,  the  comparison  of 
postmining  use  to  premining  use  shall 
include  a  comparison  with  the  historic 
use  of  the  land  as  well  as  its  use  imme- 
diately preceding  mining. 

(c)  Prior  to  the  release  of  lands  from 
the  permit  area  in  accordance  with 
807.12(c)  the  permit  area  shall  be  re- 
stored, in  a  timely  manner,  either  to 
conditions  capable  of  supporting  the 
uses  they  were  capable  of  supporting 
before  any  mining  or  to  conditions  ca- 
pable of  supporting  approved 'alterna- 
tive land  uses.  Alternative  land  uses 
may  be  approved  by  the  regulatory  au- 
thority after  consultation  with  the 
landowner  or  the  land-management 
agency  having  jurisdiction  over  the 
lands,  if  the  following  criteria  are  met: 


(1)  The  proposed  postmining  land 
use  is  compatible  with  adjacent  land 
use  and,  where  applicable,  with  exist- 
ing local.  State,  or  Federal  land  use 
policies  and  plans:  A  written  state- 
ment of  the  views  of  the  authorities 
with  statutory  responsibilities  for  land 
use  policies  and  plans  is  submitted  to 
the  regulatory  authority  within  60 
days  of  notice  by  the  regulatory  au- 
thority and  before  surface  mining  ac- 
tivities begin.  Any  required  approval, 
including  any  necessary  zoning  or 
other  changes  required  for  land  use  by 
local.  State,  or  Federal  land  manage- 
ment agencies,  is  obtained  and  re- 
mains valid  throughout  the  surface 
mining  activities. 

(2)  Specific  plans  are  prepared  and 
submitted  to  the  regulatory  authority 
which  show  the  feasibility  of  the  post- 
mining  land  use  as  related  to  projected 
land  use  trends  and  markets  and  that 
include  a  schedule  showing  how  the 
proposed  use  wiU  be  developed  and 
achieved  within  a  reasonable  time 
after  mining  and  will  be  sustained. 
The  regulatory  authority  may  require 
appropriate  demonstrations  to  show 
that  the  planned  procedures  are  feasi- 
ble, reasonable,  and  integrated  with 
mining  and  reclamation,  and  that  the 
plans  will  result  in  successful  reclama- 
tion. 

(3)  Provision  of  any  necessary  public 
facilities  is  ensured  as  evidenced  by 
letters  of  commitment  from  parties 
other  than  the  person  who  conducts 
surface  mining  activities,  as  appropri- 
ate, to  provide  the  public  facilities  in  a 
manner  compatible  with  the  plans 
submitted  under  30  CFR  780.23.  The 
letters  shall  be  submitted  to  the  regu- 
latory authority  before  surface  mining 
activities  begin. 

(4)  Specific  and  feasible  plans  are 
submitted  to  the  regulatory  authority 
which  show  that  financing,  attain- 
ment and  maintenance  of  the  postmin- 
ing land  use  are  feasible  and,  if  appro- 
priate, are  supported  by  letters  of 
commitment  from  parties  other  than 
the  person  who  conducts  the  surface 
mining  activities. 

(5)  Plans  for  the  postmining  land 
use  are  designed  under  the  general  su- 
pervision of  a  registered  professional 
engineer,  or  other  appropriate  profes- 
sional, who  will  ensure  that  the  plajis 
conform  to  applicable  accepted  stand- 
ards for  adequate  land  stability,  drain- 
age, vegetative  cover,  and  esthetic 
design  appropriate  for  the  postmining 
use  of  the  site. 

(6)  The  proposed  use  will  neither 
present  actual  or  probable  hazard  to 
public  health  or  safety  nor  will  it  pose 
any  actual  or  probable  threat  of  water 
flow  diminution  or  pollution. 

(7)  The  use  will  not  involve  unrea- 
sonable delays  in  reclamation. 

(8)  Necessary  approval  of  measures 
to  prevent  or  mitigate  adverse  effects 
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on  fish,  wildlife,  and  related  environ- 
mental values  and  threatened  or  en- 
dangered plants  is  obtained  from  the 
regrulatory  authority  and  appropriate 
State  and  Federal  fish  and  wildlife 
management  agencies  have  been  pro- 
vided a  60  day  period  in  which  to 
review  the  plan  before  surface  mining 
activities  begin. 

(9)  I*roposals  to  change  pre-mining 
land  uses  of  range,  fish  and  wildlife 
habitat,  forest  land,  hayland,  or  pas- 
ture to  a  postmining  cropland  use, 
where  the  cropland  would  require  con- 
tinuous maintenance  such  as  seeding, 
plowing,  cultivation,  fertilization,  or 
other  similar  practices  to  be  practica- 
ble or  to  comply  with  applicable  Fed- 
eral, State,  and  local  laws,  are  re- 
viewed by  the  regulatory  authority  to 
ensure  that  — 

(i)  There  Is  a  firm  written  commit- 
ment by  the  person  who  conducts  sur- 
face mining  activities  or  by  the  land- 
owner or  land  manager  to  provide  suf- 
ficient crop  management  after  release 
of  applicable  performance  bonds 
under  Subchapter  J  and  Sections 
816.111-816.117,  to  assure  that  the  pro- 
posed postmining  cropland  use  re- 
mains practical  and  reasonable; 

(ii)  There  is  sufficient  water  availa- 
ble and  committed  to  maintain  crop 
production;  and 

(iii)  Topsoil  quality  and  depth  are 
sufficient  to  support  the  proposed  use. 
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APPENDIX  II 

SOIL  CONSERVATION  SERVICE 
RANGE  CONSERVATIONISTS 

as  of 
April  1981 

NATIONAL  OFFICE 

Donald  T.  Pendelton 
Chief  Range  Conservationist 
Soil  Conservation  Service 
P.O.  Box  2890 
Washington,  DC  20013 
FTS  447-2752 

Vacant 

Staff  Range  Conservationist 
Soil  Conservation  Service 
P.O.  Box  2890 
Washington,  DC  20013 
FTS  447-3922 

TSC  RANGE  CONSERVATIONIST 

Harland  E.  Dietz 
South  TSC,  SCS 
P.O.  Box  6567 
Forth  Worth,  TX  761 15 
FTS  334-5282 

Harlan  DeGarmo 
Midwest  TSC,  SCS 
Federal  Building 
U.S.  Courthouse,  Rm.  345 
Lincoln,  NE  68508 
FTS  541-5355 

STATE-LEVEL  RANGE  CONSERVATIONISTS 
ARKANSAS 

Darwin  Hedges 
5404  Federal  Building 
P.O.  Box  2323 
Little  Rock,  AR  72203 

FTS  378-5417 

KANSAS 
H.  Lynn  Gibson 
760  S.  Broadway 
Salina,  KS  67401 
FTS  752-4753 


LOUISIANA 

Jack  Cutshall 
3734  Government  Street 
P.O.  Box  1630 
Alexandria,  LA  71301 
FTS  497-7802 

MISSISSIPPI 

David  W.  Sanders 
310  South  Lamar  Street 
P.O.  Box  610 
Jackson,  MS  39205 
FTS  490^339 

NEBRASKA 

Peter  N.  Jensen 
Federal  Building 
U.S.  Courthouse,  Rm  345 
Lincoln,  NE  68508 
FTS  541-5303 

OKLAHOMA 

Ernest  C.  Snook 

USDA  Building 

Farm  Road  and  Brumley  Street 

Stillwater,  OK  74074 

FTS  728-4437 

TEXAS 

Joseph  B.  Norris 
3rd  and  Pine  Streets 
P.O.  Box  2446 
Abilene,  TX  79601 
FTS  334-4233 

Herbert  Senne 

First  National  Bank  Building 

P.O.  Box  648 

Temple,  TX  76501 

FTS  736-1291 

Rhett  Johnson 

First  National  Bank  Building 

P.O.  Box  648 

Temple,  TX  76501 

FTS  736-1291 
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Scales  and  Equivalents  (Maps  and  Photographs) 


Scales  and  Equivalents  (Maps  and  Photographs) 
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41.570 

2 

500 

208.333 

4.800 

25.344 

0.039 

63.500 

0.9964 

1.0040 

0.00160 

40.000 

3 

000 

250.000 

4.000 

21.120 

0.047 

76.200 

1.4348 

0.6970 

0.00220 

33.330 

3 

600 

300.000 

3.333 

17.500 

0.057 

91.440 

2.0551 

0.4840 

0.00320 

27.780 

4 

000 

333.333 

3.000 

15.840 

0.053 

101.600 

2.5508 

0.3920 

0.00400 

25.000 

4 

800 

400.000 

2.500 

13.200 

0.076 

121.920 

3.5731 

0.2720 

0.00570 

20.820 

5 

000 

416.667 

2.400 

12.572 

0.079 

127.000 

3.9356 

0.2510 

0.00620 

20.000 

5 

000 

500.000 

2.000 

10.550 

0.095 

152.400 

5.7392 

0.1740 

0.00900 

16.670 

7 

000 

583.333 

1.714 

9.051 

0.110 

177.800 

7.8117 

0.1280 

0.01220 

14.290 

7 

200 

600.000 

1.657 

8.800 

0.114 

182.880 

8.2545 

0.1210 

0.01290 

13.890 

7 

920 

650.000 

1.515 

8.000 

0.125 

201.168 

10.0000 

0.1000 

0.01550 

12.630 

8 

000 

566.667 

1.500 

7.920 

0.126 

203.200 

10.2030 

0.0980 

0.01590 

12.500 

8 

400 

700.000 

1.429 

7.543 

0.133 

213.350 

11.2490 

0.0890 

0.01750 

11.900 

9 

000 

750.000 

1.333 

7.041 

0.142 

228.500 

12.9130 

0.0770 

0.02020 

.    11.110 

9 

600 

800.000 

1.250 

6.600 

0.152 

243.840   . 

14.6920 

0.0680 

0.02300 

10.420 

10 

000 

833.333 

1.200 

6.335 

0.158 

254.000 

15.9420 

0.0630 

0.02490 

10.000 

10 

800 

900.000 

1.111 

5.867 

0.170 

274.321 

18.5950 

0.0540 

0.02910 

9.259 

12 

000 

1.000.000 

1.000 

5.280 

0.189 

304.801 

22.9570 

0.0440 

0.03590 

8.333 

12 

500 

1,041.652 

0.950 

5.069 

0.197 

317.505 

24.9100 

0.0400 

0.03850 

8.000 

13 

200 

1.100.000 

0.909 

4.800 

0.208 

335.281 

27.7780 

0.0360 

0.04340 

7.576 

14 

400 

1.200.000 

0.833 

4.400 

0.227 

365.761 

33.0580 

0.0300 

0.05170 

6.944 

15 

000 

1,250.000 

0.800 

4.224 

0.237 

381.001 

35.8700 

0.0250 

0.05500 

6.557 

15 

600 

1.300.000 

0.759 

4.062 

0.245 

396.241 

38.7970 

0.0260 

0.05060 

5.410 

15 

540 

1,320.000 

0.758 

4.000 

0.250 

402.337 

40.0000 

0.0250 

0.06250 

6.313 

16 

000 

1.333.333 

0.750 

3.960 

0.253 

405.400 

40.8120 

C.0240 

0.05380 

5.250 

15 

300 

1,400.000 

0.714 

3.771 

0.265 

426.721 

44.9950 

0.0220 

0.07030 

5.952 

18 

000 

1,500.000 

0.557 

3.520 

0.284 

457.201 

51.6530 

0.0190 

0.08070 

5.556 

19 

200 

1,600.000 

0.625 

3.300 

0.303 

487.681 

58.7700 

0.0170 

0.09180 

5.208 

20 

000 

1,565.557 

0.600 

3.168 

0.316 

508.002 

53.7590 

0.0150 

0.09950 

5.000 

20 

400 

1,700.000 

0.588 

3.105 

0.322 

518.151 

55.3450 

0.0150 

0.10370 

4.902 

21 

120 

1,760.000 

0.558 

3.000 

0.333 

536.449 

71.1110 

0.0140 

0.11110 

4.735 

21 

500 

1,800.000 

0.556 

2.933 

0.341 

548.641 

74.3800 

0.0130 

0.11520 

4.630 

22 

800 

1,900.000 

0.526 

2.779 

0.360 

579.121 

82.8740 

0.0120 

0.12950 

4.386 

24 

000 

2,000.000 

0.500 

2.640 

0.379 

609.601 

91.8270 

0.0110 

0.14350 

4.167 

2o 

000 

2,053.333 

0.480 

2.534 

0.395 

635.001 

99.6390 

0.0100 

0.15570 

4.000 

31 

680 

2,640.000 

0.379 

2.000 

0.500 

804.574 

160.0000 

0.0050 

0.25000 

3.157 

33 

333 

2,777.778 

0.360 

1.901 

0.526 

846.683 

177.1360 

0.0056 

0.38540 

3.000. 

48 

000 

4,000.000 

0.250 

1.320 

0.758 

1,219.202 

367.3090 

0.0030 

0.57390 

2.083 

50 

000 

4,166.667 

0.240 

1.267 

0.789 

1,270.025 

398.5550 

0.0025 

0.62270 

2.000 

62 

500 

5,208.333 

0.192 

1.014 

0.985 

1,587.503 

522.7440 

0.0016 

0.97300 

1.600 

53 

360 

5,280.000 

0.189 

1.000 

1.000 

1,509.347 

540.0000 

0.0016 

1.00000 

1.578 

75 

000 

6,250.000 

0.160 

0.845 

1.134 

1,905.038 

895.7520 

0.0011 

1.40120 

1.333 

95 

000 

8,000.000 

0.125 

0.560 

1.515 

2,438.405 

1,459.2400 

0.0007 

2.29570 

1.042 

100 

000 

8,333.333 

0.100 

0.634 

1.578 

2,540.050 

1,594.2250 

0.0006 

2.49100 

1.000 

125 

000 

10,415.667 

0.095 

0.507 

1.973 

3,175.005 

2,490.9800 

0.0004 

3.89220 

0.800 

126 

720 

10,550.000 

0.095 

0.500 

2.000 

3,218.694 

2. 560.0000 

0.0004 

4.00000 

0.789 

250 

000 

20,833.333 

0.048 

0.253 

3.945 

6,350.012 

9.963.9070 

0.0001 

15.55850 

0.400 

253 

440 

21,120.000 

0.047 

0.250 

4.000 

5.437.389 

10.244.2020 

0.0001 

15.00000 

0.395 

300 

COO 

25,000.000 

0.040 

0.211 

4.735 

7,620.015 

14.348.0250 

0.0001 

22.41880 

0.333 

500 

COO 

41,666.657 

0.024 

0.127 

7.891 

12,700.025 

39,855.6270 

- 

62.27440 

0.200 

1,000 

COO 

83,333.333 

0.012 

0.053 

15.783 

25,400.050 

159,422.5070 

249.09770 

0.100 
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APPENDIX   IV 

SOURCES  OF  REMOTELY  SENSED  DATA 

Compiled  by 

Applications  Branch 

EROS  Data  Center 

NATIONAL  CARTOGRAPHIC  INFORMATION  CENTER  (NCIC) 
(formerly  the  Map  Information  Office) 


NCIC  was  established  within  the  USGS  to  provide  a  single-point  contact 
source  for  cartographic-related  information,  including  remotely  sensed  data.   A 
computerized  indexing  system,  the  Aerial  Photography  Summary  Record  System 
(APSRS) ,  shows  all  holdings  of  Federal  agencies,  with  the  long  range  goal  of 
including  data  acquired  on  the  state  and  local  levels  and  (eventually)  by 
private  industry. 

The  system  directs  the  user  to  a  particular  agency  which  holds  coverage 
over  a  particular  unit  area,  based  on  the  7^2  minute  USGS  quadrangle  system.   The 
data  will  remain  in  the  hands  of  the  source  agency. 

The  cooperating  Federal  agencies  include: 

-  U.S.  Geological  Survey  (USGS) 

-  National  Oceanic  and  Atmospheric  Administration  (NOAA) 

-  Agricultural  Stabilization  and  Conservation  Service  (ASCS) 

-  Bureau  of  Land  Management  (BLM) 

-  National  Archives  and  Records  Service  (NARS) 

-  U.S.  Forest  Service  (USES) 

-  Library  of  Congress,  Geography  and  Map  Division 

-  Soil  Coiiservation  Service  (SCS) 

-  Tennessee  Valley  Authority  (TVA) 

-  Department  of  Defense  (DOD) 

-  U.S.  Army  Corps  of  Engineers  (USACA) 

To  provide  easier  access  to  NCIC  at  the  regional  level,  there  are  NCIC 
offices  at  four  USGS  mapping  centers: 


NCIC  Eastern 

U.S.  Geological  Survey 

536  National  Center 

Reston,  VA   22092 

FTS:   928-6336 

Comm:  (703)  860-6336 

NCIC  Midcontinent 
U.S.  Geological  Survey 
1400  Independence  Road 
Rolla,  MO   65401 
FTS:   276-9107 
Comm:  (314)  364-3680 


NCIC  Rocky  Mountain 
U.S.  Geological  Survey 
Stop  504,  Box  25046 
Denver  Federal  Center 
Denver,  CO   80225 
FTS:   234-2326 
Comm:  (303)  234-2326 

NCIC  Western 

U.S.  Geological  Survey 

345  Middlefield  Road 

Menlo  Park,  CA  94025 

FTS:   467-2427 

Comm:     (415)    323-2427 
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EROS  DATA  CENTER  (EDC) 

The  EROS  Data  Center  was  established  in  1971  as  part  of  the  Earth  Resources 
Observation  Systems  (EROS)  program  of  the  Department  of  Interior,  and  is  managed 
by  the  U.S.  Geological  Survey.   It  provides  primary  access  to  Landsat  data, 
aerial  photography  acquired  by  the  DOI ,  and  aerial  photography  and  other 
remotely  sensed  data  acquired  by  NASA  Research  Aircraft  and  from  Skylab,  Apollo, 
and  Gemini  spacecraft. 

Landsats  1,  2,  and  3  have  acquired  approximately  280,000  individual  scenes 
in  four  separate  spectral  bands.   Nearly  complete  coverage  of  the  world's  land 
areas,  except  the  polar  areas,  has  been  collected.   Over  40,000  frames  of 
Skylab,  Apollo,  and  Gemini  coverage  have  been  archived  at  EDC.   Only  selected 
coverage  was  taken  on  these  missions. 

High  altitude  aerial  photography  (taken  from  60,000  to  65,000  feet 
altitude)  has  been  acquired  by  NASA  for  much  of  the  United  States  at  the  request 
of  investigators  participating  in  the  NASA  Earth  Resources  Program.   The  most 
common  scales  are  1:60,000  and  1:120,000.   Black-and-white,  color,  and  color 
infrared  photographs  are  generally  available  in  a  9"  film  format.   Since  the 
inception  of  this  program  in  1964,  approximately  1,300,000  frames  have  been 
acquired,  covering  about  80%  of  the  contiguous  48  states.   Many  areas  have  been 
flown  more  than  once.   Main  inputs  for  this  data  are  the  NASA-Ames  Research 
Center  in  Moffett  Field,  California,  and  the  NASA-Johnson  Space  Center  in 
Houston,  Texas. 

Conventional  aerial  photography  flown  by  the  USGS  accounts  for 
approximately  2,000,000  frames.   The  most  common  scale  is  1:24,000,  typically  on 
9"  black-and-white  panchromatic  film. 

A  final  category  includes  aerial  photography  acquired  by  various  Federal 
agencies  at  various  scales  and  film  types.   The  following  groups  have  input 
approximately  1,000,000  frames  into  the  EDC  archives: 


Army  Map  Service,  Air  Force,  Navy 
U.S.  Army  Corps  of  Engineers 
Bureau  of  Land  Management 
Bureau  of  Reclamation 


-  Wallops  and  Marshall  Flight 
Centers  (NASA) 

-  Mississippi  Test  Facility 

-  University  of  Michigan 

-  South  Dakota  State  University 


Since  the  EROS  Data  Center  does  not  hold  the  complete  collection  of  aerial 
photography  acquired  by  these  individual  groups,  users  should  contact  the 
originating  agency  for  the  possibility  of  additional  coverage.   For  more 
information  contact: 

EROS  Data  Center 

Attn:   User  Services 

Sioux  Falls,  SD   57198 

FTS:      784-7151 

Comm:    (605)    594-6511,    Ext.    151 
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U.S.  BUREAU  OF  LAND  MANAGEMENT 

The  BLM  acquired  photography  in  recent  years  at  various  scales  and  film 
types.   For  more  information,  contact: 

Mr.  Wallace  Crisco 
Office  of  Special  Mapping 
Bureau  of  Land  Management 
Denver  Federal  Center 
Building  50 
Denver,  CO  80225 
FTS:   234-6036,  6037 
Comm:  (303)  234-6036,  6037 


AGRICULTURAL  STABLIZATION  AND  CONSERVATION  SERVICE  (ACSC) 

The  ASCS  has  acquired  coverage  over  about  80%  of  the  United  States 
excluding  Alaska.   Most  commonly,  surveys  are  flown  at  a  scale  of  1:20,000  on 
black  and  white  9"  panchromatic  film.   Coverage  is  usually  flown  on  a 
county-by-county  basis  on  a  7  year  cycle,  dating  back  to  the  1930's.   Since 
about  1971,  1:40,000  scale  photography  has  been  acquired.   Indexes  of  coverage 
for  specific  areas  are  available  for  inspection  through  the  local  county  ASCS 
office.   For  more  information  contact: 

Aerial  Photography  Field  Office 

ASCS  -  USDA 

2222  West  2300  South 

P.O.  Box  30010 

Salt  Lake  City,  UT  84125 

FTS:   588-5856 

Comm:  (801)  524-5856 


SOIL  CONSERVATION  SERVICE  (SCS) 

The  SCS  has  acquired  conventional  aerial  photography  for  many  areas  of  the 
United  States.   Coverage  was  generally  acquired  at  a  scale  of  1:20,000  on  9" 
black  and  white  panchromatic  film.   Most  recently,  coverage  has  been  acquired  at 
scales  ranging  from  1:31,680  to  1:85,000.   The  SCS  is  currently  undertaking 
orthophoto  mapping  projects  with  cooperation  from  the  USGS.   Surveys  are  not 
flown  on  a  prescribed  repetitive  basis.   For  more  information  contact: 

Soil  Conservation  Service,  USDA 
Cartographic  Division 
Federal  Center  Bldg. 
Hyattesville,  MD   20782 
Comm:  (301)  436-8187 
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NATIONAL  ARCHIVES  AND  RECORDS  SERVICE 

This  center  is  the  archive  for  resource  photography  acquired  by  the  ASCS, 
SCS,  USGS,  and  the  USER  prior  to  World  War  II.   A  catalog  entitled  "Aerial 
Photographs  in  the  National  Archives"  is  available  upon  request.   For  more 
information  contact: 

National  Archives  and  Records  Service 

Cartographic  Branch 

General  Services  Administration 

Washington,  DC   20408 

Tele:  (205)  523-3006 


U.S.  FOREST  SERVICE  (USES) 

The  USES  has  acquired  aerial  photography  over  most  of  the  National  Forest 
lands.   Photography  is  primarily  at  scales  of  1:20,000  to  1:24,000  on  standard 
black  and  white  9"  panchromatic  film,  and  dates  back  to  1934.   Standard  coverage 
through  the  1960's  was  at  a  scale  of  1:15,840.   More  recently,  color  and  color 
IR  photography  at  smaller  scales  ranging  up  to  1:80,000  has  been  acquired. 
Coverage  is  updated  as  is  deemed  necessary  by  the  USFS. 

The  Forest  Service  is  geographically  organized  into  nine  regions  with  the 
regional  headquarters  listed  below. 


Region  1 
Northern 
Federal  Bldg. 
Missoula,  MT   59801 

Region  2 

Rocky  Mt. 

11177  W.  8th  Ave. 

Box  25127 

Lakewood,  CO  80225 

Region  3 

Southwestern 

517  Gold  Ave. ,  SW 

Albuquerque,  NM  87102 

Region  4 
Intermountain 
324  25th  St. 
Ogden,  UT   84401 

Region  5 

California 

630  Sansome  St.,  Room  548 

San  Francisco,  CA   94111 


Region  6 

Pacific  Northwest 
319  SW  Pine  St. 
P.O.  Box  3623 
Portland,  OR  97208 

Region  7 

Does  not  exist 

Region  8 

Southern 

1720  Peachtree  Rd. 

Atlanta,  GA  30309 

Region  9 

Eastern 

633  West  Wisconsin  Ave 

Milwaukee,  WI   53203 

Region  10 

Alaska 

Federal  Office  Bldg. 

P.O.  Box  1628 

Juneau,  AK   99502 
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Inquires  may  also  be  referred  to: 


Division  of  Engineering 
U.S.  Forest  Service,  USDA 
Washington,  DC   20250 


NATIONAL  PARK  SERVICE  (NFS) 

The  NFS  has  acquired  aerial  photography  over  the  national  parks  at  various 
scales  with  film  types.   For  more  information  contact: 

National  Fark  Service 
Denver  Service  Center 
655  Farfet  St. 
P.O.  Box  25287 
Denver,  CO  80225 
Tele:   (303)  234-5132 
FTS:    234-4500 


ENVIRONMENTAL  PROTECTION  AGENCY  (EPA) 

In  1974  EPA  established  a  Remote  Sensing  Branch  at  the  National 
Environmental  Research  Center  in  Las  Vegas,  Nevada.   The  data  acquired  are  of 
various  types  and  formats.   For  more  information  contact: 


Environmental  Protection  Agency 

Remote  Sensing  Branch 

P.O.  Box  15027 

Las  Vegas,  NV  89114 


or:   EPA  Interpretation  Center 
P.O.  Box  1587 
Vint  Hill  Farms 
Warrenton,  VA   22186 


DEPARTMENT  OF  DEFENSE  (DOD) 

Estimates  of  the  amount  of  aerial  photography  acquired  by  the  DOD  run 
between  100  -  200  million  frames.   The  primary  agency  responsible  for  archiving 
this  collection  is  the  Defense  Intelligence  Agency  (DIA) .   Photograph  was 
generally  acquired  by  conventional  means  at  scales  of  1:15,000  -  1:40,000  on  9" 
black-and-white  panchromatic  film.   Coverage  dates  back  to  the  1930' s.   Some  of 
the  early  coverage,  such  as  the  AMS  small  scale  coverage  of  the  1950 's  and  the 
Navy/Army-acquired  coverage  of  Alaska,  has  been  transferred  to  the  EDC  archives, 
NCIC  is  currently  handling  the  task  of  producing  plots  and  indexes  of  DOD 
unclassified  coverage. 

The  Defense  Mapping  Agency  (DMA)  was  established  in  1972,  with  primary 
responsibilities  for  mapping  and  charting  within  the  DOD.   Most  current 
activities  are  being  worked  out  in  conjunction  with  the  USGS. 

For  more  information  contact: 


Defense  Mapping  Agency 
Topographic  Command 
6500  Brooks  Lane,  NW 
Washington,  DC   20315 
Att:   Code  50320 


Defense  Intelligence  Agency 
Att:  DS4A 

Arlington  Hall  Station 
Washington,  DC   20301 
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U.S.  ARMY  CORPS  OF  ENGINEERS 

The  USAGE  has  extensive  involvement  in  civil  projects  such  as  dams, 
shoreline  and  flood  protection,  and  waterway  navigation.   Aerial  photographic 
coverage  dating  back  to  the  1930' s  was  generally  acquired  with  standard  9" 
black-and-white  panchromatic  film.   Scales  vary  considerably  with  particular 
project  requirements.   More  recently,  coverage  has  been  acquired  using  color  and 
color  IR  film  types.   Although  USAGE  is  officially  part  of  the  DOD,  most  of  its 
more  recent  coverage  remains  in  the  hands  of  the  particular  project  office  that 
collected  it.   The  principal  USAGE  organizations  involved  with  remote  sensing 
data  are: 

(A)  Engineer  Topographic  Laboratories  (ETL)   (D)  Goastal  Engineering  Research 


(B)  Gold  Regions  Research  and  Engineering 

Laboratory  (GRREL) 
(G)  Waterways  Experiment  Station  (WES) 


Genter  (GERG) 

(E)  Gonstruction  Engineering 
Research  Laboratory  (GERL) 

(F)  Institute  for  Water  Resources 
(IWR) 


The  Goastal  Engineering  Research  Genter  at  Ft.  Belvoir,  VA,  has  recently 
taken  the  responsibility  of  indexing  much  of  the  imagery  collected  by  the  Gorps, 

For  more  information,  contact  the  USAGE  Remote  Sensing  Coordinator  on  the 
Division  level. 


Huntsville  Division 

William  A.  Newbern,  Jr.  -  (HNDED-FG) 

P.O.  Box  1600  West  Station 

Huntsville,  AL   35807 

Tele:   (205)  895-5190 


North  Central  Division 
Mack  L.  Dixon  -  (NGDPD-PF) 
536  S.  Clark  St. 
Chicago,  IL   60605 
Tele:   (312)  353-6395 


Lower  Mississippi  Valley  Division 
Todd  H.  Riddle  -  (LMVED-G) 
P.O.  Box  80 
Vicksburg,  MS   39180 
Tele:  (601)  636-1311  ext.  339 

or  ext.  611 


North  Pacific  Division 
Billy  J.  Thomas  -  (NPDEN-WC) 
Room  210  Custom  House 
Portland,  OR  97209 
Tele:   O03)  221-3757 


Missouri  River  Division 
Charles  G.  Flagg-(MRDED-G) 
P.O.  Box  103  Downtown  Station 
Omaha,  NE  68101 
Tele:   (402)  221-3204 


Ohio  River  Division 
Griffith  Ray  -  (ORDED-T) 
P.O.  Box  1159 
Cincinnati,  OH  45201 
Tele:   (513)  684-3024 


New  England  Division 

Joseph  Horowitz  -  (NEDED-W) 

424  Trapelo  Road 

Waltham,  MA  92154 

Tele:   (617)  894-2400  ext.  632 


Pacific  Ocean  Division 

Dr.  James  Maragos  -  (PODED-PV) 

Bldg.  230,  Ft.  Shafter 

Honolulu,  HI   96813 

Tele:   (808)  438-2263 


North  Atlantic  Division 
Dave  Leiser  -  (NADPL-F) 
90  Church  Street 
New  York,  NY   10007 
Tele:   (212)  264-7088 


South  Atlantic  Division 
James  W.  Erwin  -  (SADEG) 
510  Title  Bldg. 
30  Pryor  St.  NW 
Atlanta,  GA   30303 
Tele:   (404)  526-6704 
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South  Pacific  Division 
David  L.  Sveum  -  (SPDED-H) 
630  Sansome  St.,  Room  1216 
San  Francisco,  CA   94111 
Tele:   (415)  556-5709 

Southwestern  Division 

John  W.  Murchison  -  (SWDED-F) 

1200  Main  Tower 

Dallas,  TX   75202 

Tele:   (214)  749-3166 


Construction  Engineering  Research 

Laboratory 
Dr.  R.  K.  Jain 
P.O.  Box  4005 
Champaign,  XL   61820 
Tele:   (217)  352-6511 

Robert  Frost 

Engineer  Topographic  Laboratories 

Ft.  Belvoir,  VA   22060 

Tele:   (703)  664-3736 


Institute  for  Water  Resources 

Kingman  Bldg. 

Ft.  Belvoir,  VA   22060 

Waterways  Experiment  Station 
Warren  E.  Grabau 
P.O.  Box  631 
Vicksburg,  MS   39180 
Tele:   (601)  636-3111 


Field  Operating  Agencies 

Coastal  Engineering  Research  Center 

Dennis  Berg  -  (CERVE) 

Kingman  Bldg. 

Ft.  Belvoir,  VA   22060 

Tele:   (703)  325-7172 


Cold  Regions  Research  and 

Engineering  Laboratory 
Dr.  Duwayne  Anderson 
P.O.  Box  282 
Hanover,  NH   03755 
Tele:   (603)  643-3200 


NATIONAL  OCEAN  SURVEY  -  COASTAL  MAPPING  DIVISION 

The  Coastal  Mapping  Division  (formerly  the  Coast  and  Geodetic  Survey)  has 
acquired  coverage  over  the  nation's  coastal  areas.   Multispectral  metric  mapping 
type  coverage  at  scales  ranging  from  1:10,000  to  1:40,000  has  been  acquired  in 
recent  years.   This  agency  also  has  the  responsibility  for  acquiring  aerial 
photography  over  the  nation's  major  airports,  back  to  World  War  II  under  the 
"Airport  Obstruction  Chart  Survey  Program."   Coverage  is  typically 
black-and-white  panchromatic  with  scales  varying  from  1:24,000  to  1:60,000.   For 
more  information  contact: 

Coastal  Mapping  Division 

NOAA 

Rockville,  MD   20852 

Tele:   (301)  496-8601 


DEFENSE  METEOROLOGICAL  SATELLITE  PROGRAM  (DMSP) 

Data  acquired  by  the  USAF  Global  Weather  Satellite  Program  is  archived  at 
the  Space  Science  and  Engineering  Center  at  the  University  of  Wisconsin.   This 
data  originates  at  USAF  Global  Weather  Central,  Offutt  AFB,  Omaha,  NE.   For  more 
information  contact: 
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DMSP  Satellite  Data  Library 

Space  Science  and  Engineering  Center 

University  of  Wisconsin 

1225  West  Dayton  Street 

Madison,  WI   53706 

Tele:   (608)  262-5335 


WALLOPS  FLIGHT  CENTER  (NASA) 

Wallops  Flight  Center  has  an  active  remote  sensing  program  centered  around 
its  Chesapeake  Bay  Ecological  Program.   Generally,  this  is  low  to  middle 
altitude  multispectral  photography.   For  more  information  contact: 

Chesapeake  Bay  Ecological 

Program  Office 
NASA-Wallops  Flight  Center 
Wallops  Island,  VA  23337 
Tele:   (804)  824-3411  ext.  260 


TENNESSEE  VALLEY  AUTHORITY 

The  TVA  has  acquired  conventional  aerial  photography  of  the  Tennessee  River 
watershed  area  which  includes  the  state  of  Tennessee  and  adjoining  portions  of 
Alabama,  Georgia,  Kentucky,  Mississippi,  North  Carolina,  and  Virginia. 
Coverage,  dating  back  to  1933,  was  taken  at  various  scales  although  typically  at 
1:24,000.   Recently,  some  special  purpose  color  and  color  IR  coverage  has  been 
acquired.   For  more  information  contact: 

Map  Information  and  Records  Unit 
Maps  and  Surveys  Branch 
Tennessee  Valley  Authority 
101  Haney  Bldg. 
Chattanooga,  TN   37401 
Tele:   (615)  755-2122 


PRIVATE  AERIAL  SURVEY  COMPANIES 

If  existing  coverage  is  not  suitable,  it  may  be  necessary  to  contract  for 
new  photography  to  be  flown.   A  good  source  of  names  of  aerial  survey  firms  is; 

American  Society  of  Photogrammetry 
105  North  Virginia  Avenue 
Falls  Church,  VA  22046 
Tele:   (703)  534-6617 


ENVIRONMENTAL  SATELLITE  IMAGERY 

Low  resolution  imagery  of  the  Earth  is  being  acquired  using  visible  and 
thermal  infrared  sensors  by  a  variety  of  environmental  satellites,  including 
SMS-GOES,  TIROS,  Nimbus,  ATS,  and  ESSA  satellites.   For  more  information 
contact: 
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Satellite  Data  Services  Branch  D543 
Environmental  Data  Service 
National  Oceanic  and  Atmospheric 

Administration  (NOAA) 
World  Weather  Bldg.  -  Room  606 
Washington,  DC   20233 
Tele:   (301)  763-8111 


SOURCES  OF  REMOTELY  SENSED  DATA  IN  CANADA 

For  aerial  photography,  contact:    Landsat  data  can  be  purchased  directly  from: 

National  Air  Photo  Library  Integrated  Satellite  Information  Services 
615  Booth  Street  (ISIS)  Ltd 

Ottawa,  Ontario  KIA  0E9  P.O.  Box  1630 

Canada  Prince  Albert,  Saskatchewan  S6V  5T2 

Tele:   (613)  995-4597  Canada 

Telex:  053-4328  Tele:   (306)  764-3602  764-4259 

Telex:  074-29242 

Landsat  data  availability  and  ordering  assistance  (also  information 
regarding  airborne  remotely  sensed  data)  are  provided  by: 

Canada  Centre  for  Remote  Sensing 

Attn:   User  Assistance 

717  Belfast  Road 

Ottawa,  Ontario  KIA  0Y7 

Canada 

Tele:   (613)  995-1210 

Telex:  053-3777 

Regional  NCIC  and  EROS  Offices 

1 .  National  Cartographic  Information  Center  (NCIC)  -  national  headquarters 

U.S.  Geological  Survey 

National  Cartographic  Information  Center 

507  National  Center 

Reston,  VA   22092 

(703)  860-6045,  FTS:   928-6045 

2.  NCIC  Regional  Mapping  Centers 

Mr.  Raymond  E.  Hill  Mr.  Frederick  G.  Lavery 

U.S.  Geological  Survey  U.S.  Geological  Survey 

Rocky  Mountain  Mapping  Center  Eastern  Mapping  Center 

National  Cartographic  Information  Center   National  Cartographic  Information 

Stop  510,  Box  25046,  Federal  Center  536  National  Center 

Denver,  CO   80225  Reston,  VA  22092 

(303)  234-2326,  FTS:   234-2326  (703)  860-6336,  FTS:   928-6336 
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Mr.  Lee  W.  Aggers 

U.S.  Geological  Survey 

Western  Mapping  Center 

National  Cartographic  Information  Center 

345  Middlefield  Road 

Menlo  Park,  CA  94025 

(415)  323-8111,  ext.  2427,  FTS:   467-2427 


Mr.  William  M.  Voight 
U.S.  Geological  Survey 
Mid-Continent  Mapping  Center 
National  Cartographic  Information 

Center 
1400  Independence  Road 
Rolla,  MO   65401 
(314)  364-3680,  ext.  107, 
FTS:  276-9107 


3.  NCIC  Federal  Affiliate 

Maurice  Msarsa 

Maps  and  Surveys  Branch 

Tennessee  Valley  Authority 

200  Haney  Building 

311  Broad  Street 

Chattanooga,  TN   37401 

(615)  755-2148,  FTS:   854-2148 

4.  NCIC  Other  Affiliates 


Mr.  Kent  N.  Swanjord 
U.S.  Geological  Survey 
EROS  Data  Center 
Sioux  Falls,  SD   57198 
(605)  594-6511,  ext.  507, 
FTS:   784-7507 

5.   NCIC  State  Affiliates 


Mr.  Henry  T.  Svehlak 

U.S.  Geological  Survey 

National  Space  Technology  Laboratories 

National  Cartographic  Information  Center 

Building  1100 

NSTL  Station,  MS   39529 

(601)  688-3544,  FTS:   494-3544 


Arizona 


Minnesota 


Mr.  Michael  S.  Castro 
Arizona  Department  of  Revenue 
Arizona  Resources  Information 

System 
1624  West  Adams,  Room  302 
Phoenix,  AZ   85007 
(602)  271-4061,  FTS:   765-4061 


Dr.  Donald  Yeager 

Minnesota  State  Planning  Agency 

Environmental  State  Planning  Agency 

15  Capitol  Square 

550  Cedar  Street 

St.  Paul,  MN   55101 

(612)  296-2613,  FTS:   776-2613 


Georgia 


New  Mexico 


Mr.  Keith  McConnell 

Branch  of  Geology  and  Water  Resources 

Geologic  &  Water  Resources  Division 

Department  of  Natural  Resources 

19  Martin  Luther  King  Drive 

Atlanta,  GA  30334 

(404)  656-3214,  FTS:   656-3214 


Dr.  Stanley  A.  Morain 

Technology  Applications  Center 
University  of  New  Mexico 
2500  Central  Avenue,  SE 
Albuquerque,  NM  87131 
(505)  277-3622 
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Pennsylvania 


Texas 


Mr.  Don  Hoskins 

Department  of  Environmental  Resources 

Room  916  Executive  House 

Bureau  of  Topographic  and 

Geological  Survey 
P.O.  Box  2357 
Harrisburg,  PA   17120 
(717)  787-2169,  FTS:   637-2169 

South  Carolina 


Mr.  Nick  Bayne 

South  Carolina  Land  Resources 

Conservation  Commission 
2221  Devine  Street,  Suite  222 
Columbia,  SC   29205 
(803)  758-7197,  ext.  41 

Tennessee 

Mr.  Ron  Zurawski 

Tennessee  Division  of  Geology 

Room  G-5 

State  Office  Building 

Nashville,  TN   37219 

(615)  741-2726,  FTS:   840-2726 


Mr.  David  L.  Ferguson 

Texas  Natural  Resources  Information 

System 
P.O.  Box  13087 
Austin,  TX   78711 
(512)  475-3321,  FTS:   734-5011 


Utah 

Mr.  Donald  T.  McMillan 

Utah  Geological  and  Mineralogical 

Survey 
606  Black  Hawk  Way 
Research  Park 
Salt  Lake  City,  UT  84108 

West  Virginia 

Dr.  Peter  Lessing 

West  Virginia  Geological  and 

Economic  Survey 
West  Virginia  Cartographic  Center 
P.O.  Box  879 
Morgantown,  WV   26505 
(304)  292-6331,  ext.  256 


6.   EROS  Applications  Assistance  Facilities  (AAF) 
Alaska  Virginia 


EROS  Applications  Assistance  Facility 
University  of  Alaska 
Geophysical  Institute 
College,  AK  99701 
(907)  479-7558 

Canal  Zone 

EROS  Applications  Assistance  Facility 

HQ  Inter-American  Geodetic  Survey 

Headquarters  Building 

Drawer  934 

Fort  Clayton,  Canal  Zone 

Phone:   83-3897 


EROS  Applications  Assistance  Facility 
U.S.  Geological  Survey 
1925  Newton  Square  East 
Reston,  VA   22090 
(703)  860-7868 
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STATE  NATURAL  RESOURCE  INFORMATION  SYSTEMS 


SYSTEM  NAME 


CONTACT 


PHONE 


abama  Resource  Information  System  (ARIS) 

izona  Resource  Information  System  (ARIS) 

orgia  Resource  Assessment  Program 

wa  Water  Resources  Data  System  (IWARDS) 

uisana  Areal  Resource  Information 

System  (LARIS) 

ryland  Automated  Geographic  Information 

System  (MAGI) 

nnesota  Land  Management  Information 

System  (MLMIS) 

ssissippi  Data  Management  System 

ntana  Geo-Data  System 

w  Jersey  Geographic  Base  File 

w  York  Land  Use  and  Natural  Resources 

Inventory  (LUNR) 

rth  Carolina  Land  Resource  Information 

System  (LRIS) 

rth  Dakota  Regional  Environmental 

Assessment  Program  (REAP) 

io  Capability  Analysis  Project  (OCAP) 

uth  Carolina  (Not  yet  named) 

uth  Dakota  Land  Resource  Information 

System  (LRIS) 

xas  Natural  Resources  Information 

System  (TNRIS) 

rginia  Resource  Information  System  (VARIS) 


Walter  Stevenson 
Mike  Castro 
Bruce  Rado 
Bernie  Hoyer 

Glenn  Daigre 

John  Antenucci 

Alan  Robinette 
Eddy  Downing 
Tom  Dundas 
Bob  Mills 

Chuck  Guinn 

Jim  Haddox 

Rich  Giddings 
Garry  Schaal 
Nick  Bayne 

Jerry  Schlesinger 

John  Wilson 
Bill  Breen 


(205)  832-6400 

(602)  271-4061 

(404)  656-5164 

(319)  338-1173 

(504)  925-4585 

(301)  383-2472 

(612)  296-1211 

(601)  982-6339 

(406)  449-2896 

(609)  292-2855 

(518)  474-7690 

(919)  733-3833 

(701)  224-3700 

(614)  466-6557 

(803)  777-7237 

(605)  715-3628 

(512)  475-3321 

(804)  786-7831 


te:   Compiled  by; 

I 


Remote  Sensing  Project 

National  Conference  of  State  Legislatures  (NCSL) 

1405  Curtis  St.,  23rd  Floor 

Denver,  CO  80202 


This  listing  appeared  in  the  February  1979  issue  of 
NCSL's  "Remote  Sensing,  a  Review  of  State  Landsat 
Applications" 
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APPENDIX  V 

SELECTED  BOOKS  ON  MAPS  AND  MAPPING 

All  About  Maps  and  Mapping 

Susan  Marsh;  Random  House,  1%3. 
Be  Expert  With  Map  and  Compass:  The  Orienteering  Handbook 

Bjom  Kjellstrom;  Scribner  &  Sons,  1976. 
Cartographic  Design  and  Production 

J.S.  Keates;  Halsted  Press,  1976. 
Computers  and  the  Renaissance  of  Cartography 

T.A.  Margerison;  Her  Majesty's  Stationery  Office,  1976. 
Coordinate  Systems  and  Map  Projections 

D.H.  Maling;  George  Philip  &  Son,  Ltd.,  1973. 
Easy  Steps  to  Map  Reading 

Kathleen  Howard;  J.M.  Dent  &  Sons,  Ltd.,  1958. 
Elementary  Map  Reading 

Thomas  Pickles;  J.M.  Dent  &  Sons,  Ltd.,  1950. 
Elements  of  Cartography 

A.H.  Robinson,  R.D.  Sale,  and  J.  Morrison;  John  S.  Wiley 

&  Sons,  Inc.,  Third  Edition,  1978. 
Elements  of  Map  Projection  with  Applications  to  Map  and 
Chart  Construction 

U.S.  Government  Printing  Office,  1931  (Reprint  1972). 
Elements  of  Photogrammetry 

P.R.  Wolf,  McGraw-Hill,  1974. 
First  Book  of  Maps  and  Globes 

S.  Epstein  and  B.  Epstein;  Franklin  Watts,  Inc.,  1959. 
General  Cartography 

Erwin  Raisz;  McGraw-Hill  Book  Co.,  1948. 
Going  Places  U.S.A. 

William  D.  Pattison,  Rand  McNally  and  Co.,  1977. 
How  Maps  and  Globes  Help  Us 

David  Hackler;  Benefic  Press,  I%2. 
Introduction  to  Mapwork 

L.H.  WiUiams;  AUman  and  Son,  1%8. 
Introductory  Map  Reading 

I.e.  Marshall  and  A.H.  Meux;  Univ.  of  London  Press,  Ltd., 

1966. 
Landforms  and  Topographic  Maps 

William  Bayley  Upton,  Jr.;  John  Wiley  &  Sons,  1970. 
The  Language  of  Topographic  Maps 

D.S.  Biddle,  A.K.  Milne  and  D.A.  Shortle;  Jacaranda  Press, 

Australia,  1974. 
Learning  to  Use  a  Map 

P.L.  Ewing  and  R.O.  Smith,  A.J.  Nystrom  and  Co.,  1977. 
Look  at  the  Map 

Cyril  Midgley;  Whitcombe  and  Tombs,  Ltd.,  1%8. 
The  Magic  Map 

Cyril  Midgley;  Wheaton  Publishing  Co.,  I%7. 
Manual  of  Photogrammetry 

Morris  M.  Thompson;  American  Society  of  Photogram- 
metry, 1966. 
Map  and  Globe  Activities  for  Children 

Paul  F.  Griffin;  Fearon  Publishers,  Inc.,  1957. 
Map  and  Photo  Reading 

Thomas  W.  Birch;  Edward  Arnold,  Ltd.,  1%8. 
Map,  Compass,  and  Campfire 

Donald  E.  Ratliff;  Binford  and  Mort,  1970. 
A  Map  is  a  Picture 

B.  Rinkoff;  Thomas  Y.  Crowell  Co.,  1%5. 


Mapmakers  of  America  from  the  Age  of  Discovery  to  the 
Space  Age 

S.  Carl  Hirsch;  Viking  Press,  1970. 
Map  Making:  The  Art  That  Became  A  Science 

Lloyd  A.  Brown;  Little,  Brown  &  Co.,  1960. 
Map  Reading  and  Interpretation 

P.  Speak  and  A.H.  Carter;  Longmans,  Ltd.,  1970. 
Map  Reading  for  Schools 

Margaret  Wood;  George  G.  Harrap  &  Co.,  Ltd.,  1964. 
Map  Reading  in  Geography 

Kenneth  B.  Cumberland;  Whitcomb  and  Tombs,  Ltd.,  1%8. 
Map  Reading  through  Map  Making 

D.D.  Harris;  Whitcomb  and  Tombs,  Ltd.,  1966. 
Maps  and  Diagrams,  Their  Compilation  and  Construction 

F.J.  Monkhouse  and  H.R.  Wilkinson;  Methuen  &  Co.,  1971. 
Maps  of  the  Ancient  Sea  Kings 

C.H.  Hapgood;  ChUton  Book  Publishers,  1966. 
Maps  Mean  Adventure 

Gristle  McFall;  Dodd,  Mead  &  Co.,  1972. 
The  Map  Unfolds 

Cyril  Midgley;  Wheaton  Publishing  Co.,  1%9. 
Mapping 

David  Greenhood;  University  of  Chicago  Press,  1964. 
Mapping  the  World 

Erwin  Raisz;  Abelard  Schuman,  Ltd.,  1956. 
Maps  and  Man 

Norman  J.W.  Thrower;  Prentice-Hall,  Inc.,  1972. 
Maps  and  Mapping 

B.  Butterfield;  Doubleday  &  Co.,  Inc.,  1966. 
Maps  and  Their  Makers:  An  Introduction  to  the  History  of 
Cartography 

G.R.  Crone;  Shoe  String,  1977. 
Math  Projects:  Map-Making 

H.E.  Tannenbaum  and  N.  Stillman;  Book  Lab,  Inc.,  1%8. 
Physical  Geography  in  Diagrams 

R.B.  Bunnell;  Longmans,  Ltd.,  1973. 
Principles  of  Cartography 

Erwin  Raisz,  McGraw-Hill  Book  Co.,  1%2. 
Rand  McNally  Handbook  of  Map  and  Globe  Usage 

Ruby  M.  Harris,  Rand  McNally  and  Co.,  1%7. 
Reading  Maps 

Paul  A.  Riffel;  Hubbard  Press,  1973. 
Reading  Topographical  Maps 

A.H.  Meux;  Hodder  Educational,  1975. 
The  Round  Earth  on  Flat  Paper 

National  Geographic  Society,  1947. 
The  Story  of  Maps 

M.  Schere;  Prentice  Hall,  Inc.,  1%9. 
Surveying 

Boy  Scouts  of  America,  1960. 
Surveying  Practice:  The  Fundamentals  of  Surveying 

Philip  Kissam;  McGraw-Hill,  1978. 
Surveyors  and  Surveys  of  the  Public  Lands 

Bureau  of  Land  Management,  Department  of  Interior;  Gov- 
ernment Printing  Office,  1976. 
Teaching  About  Maps  Grade  by  Grade 

Susan  Marsh;  Teachers  Publishing  Corps.,  1%5. 
The  True  Book  of  Maps 

Norman  and  Madelyn  Carlisle;  Childrens  Press,  1%9. 
The  World  of  Maps  and  Mapping 

Judith  Tyner;  McGraw-Hill,  1973. 
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APPENDIX  VI 

A  Set  of  Random  Numbers 

Column  1  Column  2 

6327  0983 


2167 
5939 
4672 
8071 
9509 
6615 
4833 
5594 
9441 
7922 
9419 
6178 
2647 
0474 
9814 
0104 
1608 
9722 
4189 
9855 
5791 
0872 
8953 
2895 
0609 
9795 
1572 
4307 
4857 
1632 
0745 
0736 
8168 
7468 
6044 
6716 
9342 
5809 
1532 
5506 
4045 
5966 
6062 
4097 
6793 
7960 
1321 


6484 
0407 
3865 
5185 
0603 
2588 
2422 
1809 
1699 
9812 
6494 
3556 
3%1 
1839 
1577 
4579 
9470 
1557 
3582 
8088 
8234 
3310 
9809 
4319 
5248 
2464 
7371 
0294 
0197 
7189 
8034 
5110 
7924 
5313 
5420 
0059 
0169 
6048 
9715 
5812 
1751 
9930 
3296 
8379 
3999 
4853 
4067 


Column  3 

Column  4 

3798 

4679 

9467 

9058 

1804 

8827 

5689 

9878 

5514 

5308 

7461 

8550 

3558 

3349 

9790 

1183 

6931 

6571 

3947 

7702 

7229 

5252 

8179 

8065 

2466 

2495 

7546 

4799 

6926 

6534 

8293 

0301 

0627 

8667 

4131 

5345 

0471 

5498 

3675 

9461 

9006 

6897 

1472 

3421 

0510 

9046 

8037 

8376 

6544 

8953 

8734 

2498 

6170 

1063 

7936 

2841 

6060 

5194 

2401 

7005 

6463 

9830 

7882 

7152 

5165 

6571 

5876 

1407 

2736 

9010 

3077 

9070 

3001 

8871 

6880 

7986 

9051 

1151 

7081 

0109 

5917 

4415 

2817 

9958 

6437 

7279 

5093 

2503 

5670 

0614 

4645 

5143 

0583 

1920 

8503 

1604 

APPENDIX  Vn 

Changing  the  Statistical  Procedures  to  Meet  Changes  in 
the  Regulations 

The  procedures  described  in  the  section  on  "Meeting 
Statistical  Requirements"  are  adaptable  to  changes  in  the 
regulations. 

1 .  If  the  confidence  level  changes,  from  0. 1 ,  it  is  merely 
necessary  to  look  up  t-values  which  correspond  to  the  new  level 
of  confidence.  For  example,  when  n  =  25,  and  the  level  of 
confidenceisO.  1,  t  =  1.32  (table  20).  If  n  =  25,  and  the  level 
of  confidence  is  0.05,  t  =  1.71. 

2.  If  the  percent  of  the  reference  area  that  the  cover  and 
production  of  the  revegetated  areaimust  fall  within  changes,  it 
will  be  necessary  to  change  all  equations  in  which  0.9,  0.81, 
and  1.81  occur.  Two  examples  are  provided  below.  The  original 
value  and  how  it  was  derived  is  shown  under  the  90  percent 
column.  The  values  that  would  be  substituted  for  85  percent  or 
100  percent  are  shown  in  the  next  two  columns. 

90  percent  85  percent  100  percent 

0.9  0.85  1.0 

0.81  =  0.9^  0.72  =  0.85^  1.0  =   1.0= 

1.81  =  1  +  0.81  1.72  =  1  +  0.72  2.0  =   1.0  +  1.0 
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The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one 
of  eight  regional  experiment  stations  charged  with  providing  scien- 
tific l<nowledge  to  help  resource  managers  meet  human  needs  and 
protect  forest  and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  About  231  million 
acres,  or  85  percent,  of  the  land  area  in  the  Station  territory  are 
classified  as  forest  and  rangeland.  These  lands  include  grass- 
lands, deserts,  shrublands,  alpine  areas,  and  well-stocked  forests. 
They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  con- 
sumption. They  also  provide  recreation  opportunities  for  millions 
of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  main- 
tained in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University 
of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of 
Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young  Univer- 
sity) 

Reno,  Nevada  (in  cooperation  with  the  University  of 
Nevada) 
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FOREWORD 

Purshia  and  closely  related  genera  such  as  Cowania  and  Fallugia  of  the 
Roseaceae  are  important  components  of  vegetative  habitats  on  approximately  25 
million  acres  (10  million  ha)  in  Western  North  America.   They  occupy  successional 
positions  ranging  from  serai  to  climax,  and  show  specific  adaptations  to  soil  type, 
climate,  and  vegetation  associations.   They  form  the  mainstay  of  the  diet  of 
wintering  mule  deer  throughout  much  of  their  range  and  provide  vital  watershed 
protection  to  otherwise  unstable  erosive  land.   Because  of  the  N-flxing  capability 
of  Purshia  and  Cowania,  shrubs  of  these  genera  play  a  role  in  the  nitrogen  economy 
of  habitats  where  they  are  found. 

Through  the  past  several  decades,  a  substantial  amount  of  research  has  been 
conducted  in  habitats  where  these  shrubs  occur.   Management  programs  have 
intensified  to  explore  their  utilization  for  wildlife,  range  livestock,  and 
revegetatlon.   However,  to  date  there  has  been  no  effort  to  assemble  the  existing 
knowledge  of  these  shrubs  and  to  bring  this  information  to  individuals  involved  in 
research  and  management. 

The  purpose  of  this  symposium  proceedings  is  to  develop  the  state-of-the-art 
and  science  of  managing  these  shrubs  and  to  provide  land  managers,  scientists,  and 
educators  with  a  reference  text. 

The  Bltterbrush  and  Cllffrose  Symposium,  held  in  Salt  Lake  City,  Utah,  April 
13-15,  1982,  drew  some  120  participants  from  land  management  agencies,  colleges  and 
universities,  and  Federal  research  organizations.   The  symposium  was  sponsored  by 
the  USDA  Forest  Service,  Intermountain  Forest  and  Range  Experiment  Station,  Ogden, 
Utah,  and  Utah  State  University,  Logan. 
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WELCOMING  REMARKS  ~ 


BITTERBRUSH  AND  CLIFFROSE  SYMPOSIUM 

Dr.  Roger  R.  Bay 
Director,  Intermountain  Forest  and  Range  Experiment  Station 

I  am  pleased  to  see  so  many  scientists  and  managers  from  throughout  the  Western 
United  States  here  at  this  important  symposium.   Many  of  you  have  been  involved  in  the 
study  of,  and  the  management  of,  bitterbrush  and  cliff rose  for  quite  some  time.   We 
obviously  believe  these  are  important  plant  species  and  their  proper  management  can 
contribute  to  better  land  and  wildlife  management.   The  Intermountain  Forest  and  Range 
Experiment  Station  has  had  a  variety  of  research  effort  on  bitterbrush  for  well  over  30 
years,  with  some  of  the  early  work  started  in  the  Boise  area  in  cooperation  with  other 
agencies.   I  think  this  symposium  is  timely. 

I  am  pleased  to  see  that  many  representatives  of  management  agencies  are  involved 
with  the  program  and  are  attending  this  meeting.   Close  working  relationships  between 
research  groups  and  management  agencies  are  a  prime  factor  in  moving  technology  from 
the  study  and  discovery  stage  to  application  in  the  field.   We  at  the  Intermountain 
Station  have  had  a  particularly  close  working  relationship  with  a  variety  of  agencies 
involved  in  the  management  of  bitterbrush.   Here  in  Utah,  the  Utah  Division  of  Wildlife 
Resources  and  the  Station  have  worked  together  for  more  than  30  years,  involving 
assignments  of  scientists  and  managers  between  the  State  division  and  our  Shrub 
Sciences  Laboratory  in  Provo.   Not  only  do  we  cooperate  in  research  studies,  but  the 
State's  management  agency  ensures  that  results  are  put  into  practice  immediately. 

We've  also  enjoyed  good  cooperative  work  with  other  States  such  as  the  Idaho 
Department  of  Fish  and  Game,  and  the  major  Federal  agencies.  National  Forest  System, 
and  the  Bureau  of  Land  Management  in  the  Intermountain  area.   Such  team  work  has 
contributed  to  our  knowledge  and  management  for  the  two  important  species  we  are 
addressing  today. 

The  purpose  of  this  symposium  is  to  develop  state-of-the-art  information  on  the 
science  and  management  of  these  shrubs,  and  to  provide  land  managers,  scientists,  and 
educators  with  a  reference  text.   This  is  certainly  in  keeping  with  one  of  our  major 
goals  at  the  Intermountain  Station  in  recent  years:  to  summarize,  synthesize,  and 
deliver  to  managers  information  about  key  subjects  in  the  Intermountain  and  Rocky 
Mountain  West  area.   We  have  been  able  to  stress  technology  transfer  efforts  such  as 
this  only  because  we  have  been  able  to  conduct  the  research  studies  over  several 
decades.   We  have  built  up  a  reservoir  of  information  from  research  as  well  as 
experience  of  managers.   It  is  appropriate  now  to  tap  this  reservoir  and  ensure  that 
the  knowledge  is  transferred  to  the  right  hands. 


I  hope  this  symposium  will  not  be  the  only  one  of  its  kind.   We  have  had  some 
discussion  on  the  possibility  of  continuing  this  kind  of  effort  with  other  shrub 
species  important  to  the  Western  United  States.   We  would  appreciate  your  thoughts  and 
comments  on  this  possibility. 

We  don't  have  any  papers  in  the  symposium  addressing  technology  needs  or  the 
opportunities  for  future  research.   I  would  ask  participants  to  consider  this  topic 
now  and  after  this  symposium.   What  are  the  new  technology  needs  of  resource  managers? 
Where  should  the  science  agencies — such  as  Forest  Service  Research  Stations, 
Agricultural  Research  Service,  and  universities — concentrate  their  future  research 
efforts?   The  participants  of  this  symposium  represent  the  spectrum  of  agencies  and 
institutions  involved  in  both  the  research  and  management  of  shrub  species.   I  hope  yoi 
will  have  the  opportunity  to  consider  needs  and  agree  on  some  recommended  actions. 


Section  1.  Distribution,  Taxonomy, 
and  Habitat  Classification 


TAXONOMY,  DISTRIBUTION,  AND  CYTOGENETICS  OF  PURSHIA,  COWANIA,  AND  FALLUGIA  (ROSOIDEAE, 

ROSACEAE) ^ 
E.  Durant  McArthur,  Howard  C.  Stutz,  and  Stewart  C.  Sanderson"^ 

ABSTRACT 

The  rosaceous  genera  Cowanla,  Purshia,  and  Fallugla 
are  endemic  to  western  North  America.   The  five  species  of 
Cowania  (C^.  ericif  olia,  C^.  mexicana,  C^.  plicata ,  C^. 

stansburiana,  C^.  sub  Integra)  and  the  single  species  of  I 

Fallugia  (F^.  paradoxa)  are  more  southern  in  distribution  ' 

(Mexico  and  southwestern  United  States)  than  the  two 
species  of  Purshia  (P^.  glandulosa ,  P^.  tridentata)  which 
extend  from  northern  Baja  California  to  British  Columbia. 
Hybridization  between  C^.  stansburiana  and  P^.  tridentata  is 
common  where  their  ranges  are  sympatric,  principally  in 
Utah  and  Nevada.   They  both  have  n_  =  9  chromosomes,  F 
hybrids  between  them  are  fertile  and  reciprocal 
introgression  is  common.   Purshia  glandulosa  is  considered 
to  have  been  derived  from  such  hybrid  products.   Fallugia 
paradoxa  has  n_  =  14  chromosomes.   Polyploidy  was  not  found 
in  individuals  of  22  Cowania;  64  Purshia;  seven  Purshia  X 
Cowania  interspecific  and  intergeneric  hybrids;  and  six 
Fallugia  populations.   Chromosome  counts  are  presented 
here  for  the  first  time  for  Cowania  ericifolia,  C^. 
mexicana,  C^.  plicata,  C^.  sub  Integra ,  and  Purshia 
glandulosa;  all  n_  =  9.   The  n_  =  14  count  for  Fallugia 
paradoxa  is  a  corrected  count,  it  was  formerly  reported  as 
II  =  9.   During  the  early  Tertiary,  Cowania  and  Fallugia 
may  have  had  a  common  ancestor  in  the  northern  Mexican 
uplands,  or  more  likely  Fallugia  may  have  had  a  separate 
origin.   Purshia  may  have  been  derived  directly  from 
Cowania  which  has  more  southern  distribution,  more 
primitive  traits,  and  a  larger  number  of  species;  or  from 
a  common  ancestor.   Cercocarpus  shares  many  of  the 
primitive  traits  of  Cowania  and  may  be  related  to  Cowania 
and  Purshia;  it  is  abundant  in  the  fossil  record. 


^Paper  presented  at  the  Bitterbrush  and  Cliffrose  Symposium,  Salt  Lake  City,  Utah; 
April  13-15,  1982. 

^E.  Durant  McArthur  is  Principal  Research  Geneticist,  USDA  Forest  Service, 
Intermountain  Forest  and  Range  Experiment  Station,  Ogden,  Utah  84401;  stationed  at 
the  Shrub  Sciences  Laboratory,  Provo,  Utah  84601;  and  Adjunct  Professor,  Department 
of  Botany  and  Range  Science,  Brigham  Young  University,  Provo,  Utah  84602.   Howard 
C.  Stutz  is  Professor,  Department  of  Botany  and  Range  Science,  Brigham  Young 
University,  Provo,  Utah  84602.   Stewart  C.  Sanderson  is  Research  Associate  at  the 
Shrub  Sciences  Laboratory  and  at  Brigham  Young  and  Wayne  State  Universities. 


INTRODUCTION 

Cowania ,  Purshia,  and  Fallugia  have  been  included  as  members  of  the  tribe 
Dryadeae  of  the  subfamily  Rosoideae  of  Rosaceae  (Rydberg  1908-1918).   In  common  with 
many  rosaceous  genera,  the  three  genera  are  economically  important  (table  1, 
Robertson  1974).   They  provide  browse  for  livestock  and  wild  herbivores,  seed 
production  for  small  animals,  natural  and  manipulated  soil  binding,  and  esthetic 
beauty  (Robertson  1974,  Blauer  and  others  1975).   These  genera  have  a  Western  United 
States  distribution,  more  northerly  in  the  case  of  Purshia ,  but  distinctly 
southwestern,  extending  well  into  Mexico,  for  Cowania  and  Fallugia.   The  genera  have 
distributional  and  morphological  analogues  consisting  of  other  rosaceous  genera 
principally  from  the  subfamilies  Rosoideae  and  Spiraeoideae. 

Table  1. — Subfamilies  of  Rosaceae  with  characteristic  chromosome  numbers  and 
generic  examples^ 


Subfamily 


Common 


Other 
x's 


Polyploidy 
present 


Representative 
genera  (x) 


Rosoideae 


7,9 


8,14 


Yes 


Prunoideae 
Spiraeoideae 


Pomoideae 


17 


14,15 


Yes 
Yes 


Yes 


Fragaria,  Geum,  Potentilla, 
Rosa,  Rubus,  Sanguisorba  (7); 
Alchemilla,  Coleogyne^  (8); 
Cercocarpus,  Chamaebatia^ , 
Cowania,  Dryas,  Purshia  (9); 
Fallugia  (14) 

Exochorda,  Osmaronia,  Prunus  (8) 
Physocarpus,  Spirea  (7,9); 
Aruneus ,  Chamaebatiaria^ , 
Holodiscus^,  Kelysea^, 
Petrophytum^ ,  Lutkea  (9) 
Quillaja  (14);  Vaquelinia  (15); 
Amelanchier ,  Cotoneaster, 
Crataegus,  Malus,  Peraphyllum^, 
Pyracantha,  Pyrus,  Sorbus  (17) 


^References:  Federov  (1969),  Ornduff  (1967),  Moore  (1973,  1974,  1977),  Goldblatt 

(1976,  1981),  and  tables  2  and  3. 

^New  chromosome  counts  (Sanderson  and  McArthur,  unpublished). 

In  this  paper  we  discuss  the  taxonomic  and  geographic  settings  of  the  group  and 
present  exhaustive  chromosomal  data.   Based  on  those  settings  and  data,  we  present 
hypotheses  outlining  possible  evolutionary  relationships. 

FAMILY  TAXONOMIC  SETTING 


The  rose  family  consists  of  about  100  genera  of  herbs,  shrubs,  vines,  and  trees 
divided  into  3,000  species  not  including  apomictic  microspecies  of  Rubus  and  Rosa  and 
other  genera  (Robertson  1974;  Bailey  Hortorium  Staff  1976).   The  family  has  usually  bee 
divided  into  six  subfamilies,  but  with  the  recognition  of  Chrysobalanaceae  and 
Neuradaceae  as  independent  families,  only  four  subfamilies  remain:  Rosoideae, 
Prunoideae,  Spiraeoideae,  Pomoideae  (Robertson  1974;  Goldblatt  1976;  Jones  and 
Luchsinger  1979).   The  subfamilies  are  distinguished,  in  general,  from  one  another  by 
ovary  position,  type  of  flower,  type  of  fruit,  and  number  of  pistils  (Johnson  1931; 
Lawrence  1951;  Benson  1957;  Jones  and  Luchsinger  1979).   Members  of  the  family  occur 
worldwide  but  are  much  more  common  in  the  northern  temperate  region — especially  western 
North  America  and  eastern  Asia  (Raven  and  Axelrod  1974).   All  13  tribes  occur  in  North 
America,  12  of  13  in  western  North  America.   A  total  of  45  genera  have  species 
indigenous  to  North  America;  42  genera  are  restricted  to  North  America  (Robertson  1974) 


The  family  Rosaceae  is  one  of  17  families  in  the  order  Resales.   According  to  the 
Takhtajan-Cronquist  phylogenetic  classification  system  of  flowering  plants,  the  Rosales 
were  derived  from  the  primitive  Magnoliales  fairly  early  in  angiosperm  history 
(Cronquist  1968).   The  Rosaceae  was  well  represented  by  Paleogene  time  some  50 
million  years  ago  (Raven  and  Axelrod  1974). 

BASE  CHROMOSOME  NUMBERS  IN  ROSACEAE 

The  basic  (x)    chromosome  number  for  the  family  Rosaceae  and  for  the  Rosales  as  a  | 
whole  is  thought  to  be  ?£  =  9,  although  2L  ~  ^  also  draws  some  support  (Raven  1975; 
Goldblatt  1976;  Lewis  1980).   Within  the  family,  base  numbers  of  7,  8,  9,  and  17  are 
common  (table  1),  which  has  invited  considerable  speculation  from  cytogeneticists  about 
phylogenetic  relationships.   Sax  (1933)  proposed  that  ancient,  x  =  8  and  x_  =   9 ,    taxa 
hybridized  and  with  the  subsequent  doubling  of  chromosome  numbers,  produced  the 
amphidiploid  Pomoideae  with  }£  =  17.   Stebbins  (1950)  suggested  that  the  21  ~  ^  ^^^  ^  =  9 
plants  were  from  the  subfamilies  Prunoideae  and  Spiraeoideae ,  respectively.   Darlingtor 
and  Moffett  (1930)  and  Darlington  (1963)  suggested  an  alternative  cytological  scenario 
for  the  Pomoideae:   Ji  ~  17  is  derived  from  an  21  =  7  base  with  three  chromosomes  present 
three  times  and  the  other  four  present  two  times.   Goldblatt  (1976)  challenged  the 
Prunoideae  and  Spiraeoideae  hybridization  hypothesis  on  the  basis  of  chemotaxonomical 
data.   Robertson  (1974)  and  Goldblatt  (1976)  suggested  that  Spiraeoideae  are  likely  the 
primitive  Rosaceae. 

CHROMOSOME  NUMBERS  IN  COWANIA,  PURSHIA,  AND  FALLUGIA 

Previously  reported  chromosome  counts  on  21  populations  of  Purshia  tridentata 
(Sanderson  1969;  Alderfer  1976),  two  populations  of  Cowania  stansburiana  (Baldwin 
1951;  Sanderson  1969),  and  a  single  collection  of  Fallugia  (Baldwin  1951)  were  all  n_ 
=  9  or  2n_  =  18  diploids.   Sanderson  (1969)  reported  that  hybrids  between  Purshia       j 
tridentata  and  Cowania  stansburiana  were  normal  diploids  with  nine  pairs  of  ' 

chromosomes  at  meiosis.   Our  new  counts  (table  2)  confirm  the  21  =  J)_  =  9  status  for 
Cowania  (5  species)  and  Purshia  (2  species)  for  205  individuals  from  93  populations 
and  1  interspecific  and  5  intergeneric  hybrid  populations.   Our  counts  cover  most  of 
the  geographic  range  for  Purshia  and  for  Cowania  stansburiana  (fig.  1,  2;  table  2). 
For  the  other  Cowania  species  we  obtained  counts,  from  1  to  3  plants,  from  1 
population  each  (table  2).   Fallugia  is  not  based  on  21  =  9.   Our  counts  for  6 
widespread  populations  (table  2)  were  all  n_  =  14.   Baldwin's  (1951)  count  of  2n.  =  18 
is  apparently  an  error.   Baker,  Righetti,  and  Pinkava  (personal  communication)  also 
recently  obtained  n_  =  14  counts  for  Fallugia.   Although  polyploidy  is  quite  common 
in  the  Rosaceae  as  a  whole  (table  1) ,  it  did  not  occur  in  the  populations  we  sampled 
for  Purshia,  Cowania,  or  Fallugia  (table  2). 

EVOLUTIONARY  CONSIDERATIONS 

Although  the  family  Rosaceae  in  general  is  circumboreal  in  distribution  and  many  ( 
the  taxa  had  Arcto-Tertiary  distribution,  several  genera  are  richly  represented  in  the 
Madro-Tertiary  geoflora  (Axelrod  1958).   The  Tertiary  geoflora  concept  championed  by 
Chaney  and  Axelrod  (Chaney  1944;  Axelrod  1950,  1958;  Chaney  and  Axelrod  1959;  Raven  am 
Axelrod  1978)  is  based  on  fossil  flora  evidence  and  outlines  three  such  floras  for  Nort 
America  (fig.  3).   In  the  southern  half  of  the  continent  the  Neotropical-Tertiary 
geoflora  was  dominated  by  broad-leaved  evergreens.   In  the  north,  the  Arcto-Tertiary 
geoflora  was  composed  of  a  mixture  of  mixed  temperate  deciduous  and  evergreen  species. 
In  between  these  two  and  centered  in  the  southern  Rocky  Mountains  and  adjacent 
present-day  Mexico,  the  sclerophyllous  and  microphyllous  Madro-Tertiary  geoflora  emerg< 
(fig.  3).   The  Madro-Tertiary  geoflora  drew  its  constituent  species  from  the  stock  of 
the  other  floras,  but  its  plants  of  necessity  became  adapted  to  drier  habitats. 


Figure  1. — Distribution  of  Cowania  species  (after  Rydberg 

1908-1918;  Abrams  1944;  Kearney  and  Peebles  1960;  Vines 
1960;  Little  1976;  Koehler  and  Smith  1981).   Baker, 
Pinkava,  and  Righetti  provided  the  location  for  the 
eastern  population  of  C_.    subintegra. 


Figure  2. — Distribution  of  Cowania  stansburiana,  Purshia 

tridentata,  and  their  derivative  species  P^.  glandulosa 
(after  Stutz  and  Thomas  1964;  Nord  1965;  Koehler  and 
Smith  1981). 


Table  2. — Chromosome  numbers  of  Cowania,  Purshla,  Fallugla,  and  hybrids 


Taxa 


Locale,  collection  number^ 


No.  of 
plants 
sampled 


2n^ 


Cowania  ericifolia 
Torr. 


Cowania  mexicana 


D. 

Don. 

Cowania 

plicata 

D. 

Don. 

Cowania 

stansburiana 

Torr. 


Dagger  Flat,  Big  Bend  National 
Park,  Brewster  Co.,  Texas,  S&T, 
June  1978,  950  m. 

Sombrerete,  Zacatecas,  Mexico, 
S,  S&T,  June  1978,  2  400  m. 

Iturbide,  Nuevo  Leon,  Mexico, 
S,  S&T,  June  1978,  1  900  m. 

Scipio,  Millard  Co.,  Utah 

Pine  Valley,  Washington  Co.,  Utah, 
U8,  1  650  m. 

Kaibab  Plateau,  Coconino  Co., 
Arizona,  U15,  1  900  m. 

American  Fork,  Utah  Co.,  Utah, 
U24,  1  550  m. 


18 

18 

18 
18 

18 

18 


Richfield,  Sevier  Co.,  Utah, 
U24,  1  700  m. 

Santaquin,  Utah  Co.,  Utah, 
U27,  1  550  m. 

Slaughter  Creek,  Washington  Co. , 
Utah,  U35,  1  650  m. 

Fredonia,  Coconino  Co.,  Arizona, 
U37,  1  450  m. 

Prescott,  Yavapai  Co.,  Arizona, 
U38,  1  700  m. 

Canelo  Hills,  Santa  Cruz  Co., 
Arizona,  U39,  1  700  m. 

Kaibab  Plateau,  Coconino  Co., 
Arizona,  U41,  1  900  m. 

Kyle  Canyon,  Clark  Co.,  Nevada, 
U42,  2  150  m. 

Thoreau,  McKinley  Co.,  New  Mexico, 
U43,  2  350  m. 

Conners  Pass,  White  Pine  Co., 
Nevada,  U44,  700  m. 


18 


18 


18 


18 


18 


18 


18 


18 


18 


18 


Table  2.  — (Con.) 


Taxa 


Locale,  collection  number 


No.  of 
plants 
sampled 


2n^ 


Blanding,  San  Juan  Co. ,  Utah, 
U45,  1  900  m. 


18 


Dave  Valley,  Lincoln  Co.,  Nevada, 
U46,  1  950  m. 


18 


Church  Mtns.,  Millard  Co.,  Utah, 
U49,  1  800  m. 


18 


Willow  Creek,  Sevier  Co. ,  Utah, 
M&S  1348,  1  850  m. 


Cowania  sub  Integra 
Kearney 


Burro  Creek,  Mohave  Co.,  Arizona; 
M  1344,  800  m. 


Purshia  glandulosa 
Curran. 


Jackson  Springs,  Washington  Co., 
Utah,  U2,  1  200  m. 


18 


Caliente,  Lincoln  Co.,  Nevada, 
U7,  1  900  m. 


18 


Pioche,  Lincoln  Co.,  Nevada, 
U8,  1  900  m. 


18 


Ventura,  Ventura  Co. ,  California, 
U13,  1  000  m. 


18 


Oak  Springs  Summit,  Lincoln., 
Nevada,  U14,  1  900  m. 


18 


Elbert  Pass,  Inyo  Co.,  California, 
U15,  1  900  m. 


18 


Purshia  tridentata 
(Pursh)  DC. 


Diamond  Mtn. ,  Uintah  Co.,  Utah, 
U23,  2  300  m. 


18 


Fairview,  Sanpete  Co. ,  Utah, 
U26,  1  950  m. 


18 


Mt.  Pleasant,  Sanpete  Co.,  Utah, 
U31,  1  900  m. 


18 


Janesville,  Lassen  Co.,  California,   4 
U29,  1  350  m. 


18 


Fountain  Green,  Sanpete  Co.,  Utah,    3 
U31,  1  850  m. 


18 


Poontown  Creek,  Wasatch  Co.,  Utah,    2 
U37,  2  500  m. 


18 


10 


Table  2.  — (Con.) 


No.  of 
plants 
Taxa  Locale,  collection  number         sampled       n.^     2n" 

Maybell,  Moffat  Co.,  Colorado,       2  18 

U47,  1  850  m. 

Mountain  Dell,  Salt  Lake  Co.,  Utah,   2  18 

U54,  1  700  m. 

Blackfoot,  Bingham  Co.,  Idaho,       2  18 

U57,  1  400  m. 

Pioche,  Lincoln  Co.,  Nevada,         2  18 

U64,  1  950  m. 

Vernal,  Uintah  Co.,  Utah,  2  18 

U74,  1  750  m. 

Bryce  Canyon,  Garfield  Co.,  Utah,    2  18 

U79,  2  400  m. 

Fillmore,  Millard  Co.,  Utah,         2  18 

U82,  1  700  m. 

Boise,  Ada  Co.,  Idaho,  2  18 

U83,  1  600  m. 

Bishop,  Inyo  Co. ,  California,        3  18 

U87,  1  850  m. 

Mono  Lake,  Mono  Co.,  California,     2  18 

U90,  2  600  m. 

Neola,  Duchesne  Co.,  Utah,  2  18 

U91,  1  850  m. 

Preston,  Franklin  Co.,  Idaho,        2  18 

U95,  1  700  m. 

Long  Valley  Jet.,  Kane  Co.,  Utah,    4  18 

U103,  2  300  m. 

Montrose,  Montrose  Co.,  Colorado,    1  18 

U104,  1  800  m. 

Silver  City,  Juab  Co.,  Utah,         2  18 

U106,  1  900  m. 

Santaquin,  Utah  Co.,  Utah,  2  18 

U107,  1  600  m. 

Elko,  Elko  Co.,  Nevada,  1  18 

U114,  1  600  m. 

Reno,  Washoe  Co.,  Nevada,  2  18 

U116,  1  550  m. 

11 


Table  2. --(Con.) 


No.  of 
plants 
Taxa  Locale,  collection  number         sampled       n^     2n- 


Silver  City,  Juab  Co.,  Utah,         2  18 

U117,  1  900  m. 

Balm  Creek,  Baker  Co.,  Oregon,       1  18 

U118,  1  100  m. 

Service  Creek,  Wheeler  Co.,  2  18 

Oregon,  U119,  650  m. 

Izee,  Grant  Co.,  Oregon,  2  18 

U120,  1  350  m. 

Hat  Rock  State  Park,  Umatilla  Co.     2  18 

Oregon,  U121,  150  m. 

Oklahoma  Gulch,  Chelan  Co.,  2  18 

Washington,  U123,  450  m. 

Hagerman  Wildlife  Management  Area,    2  18 

Gooding  Co.,  Idaho,  U124,  900  m. 

Nahahum  Canyon,  Chelan  Co. ,  2  18 

Washington,  U125,  450  m. 

Wellsville  Mtns.,  Box  Elder  Co.,     2  18 

Utah,  U126,  1  800  m. 

Cave  Valley,  Lincoln  Co.,  Nevada,     3  18 

U127,  1  950  m. 

Blanding,  San  Juan  Co.,  Utah,        3  18 

U128,  1  900  m. 

Diamond  Range,  Eureka  Co.,  Nevada,    1  18 

U129,  2  200  m. 

Junction  Valley,  Cassia  Co.,  Idaho,   2  18 

U130,  1  900  m. 

Deer  Pasture,  Millard  Co.,  Utah,     2  18 

U134,  1  750  m. 

Canyon  Mtns.,  Millard  Co.,  Utah,     2  18 

U135,  1  800  m. 

Church  Mtns.,  Millard  Co.,  Utah,      2  18 

U136,  1  800  m. 

Church  Mtns.,  Millard  Co.,  Utah,     2  18 

U137,  1  800  m. 

Canyon  Mtns.,  Millard  Co.,  Utah,     2  18 

U138,  1  800  m. 
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Table  2. --(Con.) 


Taxa 


Locale,  collection  number 


No.  of 
plants 
sampled 


2n^ 


Lava  Beds  National  Monument, 
Siskiyou  Co.,  California,  U139, 
1  300  m. 


18 


Lava  Beds  National  Monument, 
Siskiyou  Co.,  California,  U140, 
1  300  m. 


18 


The  Dalles,  Wasco  Co.,  Oregon, 
U143,  200  m. 


18 


Okanogan  Valley,  Okanogan  Co.,       1 
Washington,  B20,  300  m. 

Bell  Rapids,  Twin  Falls  Co.,  Idaho,   2 
B38,  950  m. 


18 


18 


Ritter,  Grant  Co.,  Oregon, 
B76,  950  m. 


18 


Six  Mile  Lake,  Harney  Co.,  Oregon, 
B97,  1  390  m. 


18 


Verdi,  Washoe  Co.,  Nevada, 
BlOO,  1  550  m. 


18 


Point  of  Rocks,  Sweetwater  Co., 
Wyoming,  BlOl,  2  050  m. 

Weed,  Siskiyou  Co.,  California, 
B103,  1  100  m. 

Soda  Springs,  Caribou  Co.,  Idaho, 
B104,  1  900  m. 

Aztec,  San  Juan  Co.,  New  Mexico, 
B128,  1  830  m. 

Plains,  Sanders  Co.,  Montana, 
B178,  800  m. 


18 


18 


18 


18 


18 


(HYBRIDS) 
£.  stansburiana 
X  P.  tridentata 


South  Pass,  Fremont  Co.,  Wyoming, 
B183,  2  300  m. 

Hoback  Junction,  Teton  Co. , 
Wyoming,  B185,  1  870  m. 

Dulce,  Rio  Arriba  Co.,  New  Mexico, 

NM503,  2  150  m. 

Oakley,  Cassia  Co.,  Idaho, 
U3,  1  500  m. 
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18 


18 


18 


18 


Table  2. --(Con.) 


Taxa 


Locale,  collection  number 


No.  of 
plants 
sampled 


2n^ 


Junction  Canyon,  Cassia  Co.,  Idaho. 
U3,  1  900  m. 

Wellsville  Mtns.,  Box  Elder  Co., 
Utah,  UA,  1  800  m. 


18 


18 


Payson  Canyon,  Utah  Co.,  Utah, 
U41,  1  900  m. 


18 


c. 

stansburiana 

X 

P. 
tr 

glandulosa 

p. 

identata 

X 

P. 
Liu 

glandulosa 

Fa: 

gia  paradoxa 

(D.  Don)  Endl, 


Nephi,  Juab  Co.,  Utah, 
UA4,  1  700  m. 

Snow  Canyon,  Washington  Co. ,  Utah, 
U5,  1  000  m. 

Benton  Station,  Mono  Co., 
California,  U5 ,  2  050  m. 

Hite,  San  Juan  Co.,  Utah, 
S,  May  1982,  1  050  m. 

Willow  Creek,  Sevier  Co.,  Utah, 
M&S  1347,  1  850  m. 


14 


14 


18 


18 


18 


Alpine,  Brewster  Co.,  Texas, 
Powell  3712,  1  400  m. 


14 


Pahcoon  Springs  Wash,  Washington 
Co. ,  Utah  M  379,  1  050  m. 


14 


Pipe  Springs,  Mohave  Co.,  Arizona, 
M  1345,  1  500  m. 

Capitol  Reef  National  Park,  Wayne 
Co. ,  Utah,  M  1354,  1  650  m. 


14 


14 


^Collection  numbers:  U  =  Seed  accessions  maintained  by  the  Great  Basin 
Experimental  Station,  Ephraim,  Utah  (USDA  Forest  Service,  Intermountain  Forest 
and  Range  Experiment  Station  and  Utah  Division  of  Wildlife  Resources, 
cooperating);  B  =  seed  accessions  maintained  by  Forestry  Sciences  Laboratory, 
USDA  Forest  Service,  Intermountain  Forest  and  Range  Experiment  Station,  Boise, 
Idaho;  M,  M&S,  S,  S&T  are  authors'  collections;  NM  =  seed  accessions 
maintained  by  Los  Lunas  Plant  Materials  Center,  USDA  Soil  Conservation  Service, 
Los  Lunas,  New  Mexico;  others  are  identified  in  Acknowledgements  Section. 
^n_  =  gametic  number  from  pollen  mother  cells. 
■^211  =  somatic  number  from  root  tip  meristems. 
An  additional  univalent  also  observed. 
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Figure  3. --Inferred  distribu- 
tion of  ancestral 
Madro-Tertiary 
plants  in  pre-Eocene 
time  (from  Axelrod 
1958). 


Western  Rosaceous  Shrubs 


We  believe  with  Axelrod  (1958)  that  rosaceous  plant  stocks  available  from  the 
Arcto-  and  Neo-tropical  geofloras  became  part  of  the  more  arid  Madro-Tertiary  geoflora. 
Apparently,  these  stocks  evolved  as  new  adaptations  in  the  increasingly  drier  conditions 
of  the  Southwest.   Axelrod  (1950,  1958,  1977,  personal  communication)  lists  Amelanchier, 
Cercocarpus,  Chamaebataria,  Coleogyne,  Cowania,  Holodiscus,  Lyonothamnus ,  Peraphyllum, 
Photinia,  Prunus,  Purshia,  Rosa,  and  Vauquelinia  as  rosaceous  genera  occurring  in  the 
Madro-Tertiary  geoflora.   These  genera  represent  all  four  rosaceous  subfamilies  (table 
1). 

The  Madro-Tertiary  geoflora  is  particularly  rich  in  fossil  records  of 
Cercocarpus  and  Vauquelinia  (Axelrod  1950,  1958).   The  records  for  Purshia  and 
Cowania  are  more  spotty.   Purshia  is  recorded  from  the  Pliocene  some  10  million 
years  ago  (Axelrod  1958,  personal  communication).   Cowania  has  not  been  recorded, 
although  Axelrod  (1977)  suggested  it  was  part  of  the  mid-Eocene  to  Pliocene  flora  of 
10  to  50  million  years  ago.   An  extinct  fossil  species  of  Fallugia  is  represented  in 
the  Creede,  Colorado  flora  of  26.5  million  years  ago  (Axelrod,  personal 
communication) . 
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Several  rosaceous  genera,  all  in  the  subfamiies  Rosoideae  and  Spiraeoideae ,  have  x 
=  9  chromosomes,  and  Madro-Tertiary  geoflora  affinities  (table  3).   These  species  may  be 
more  closely  related  than  placing  them  in  separate  subfamilies  would  indicate.   Besides 
sharing  the  primitive  ^  =   9   chromosome  number,  both  sets  share  growth  habit  similarities 
and  are  mostly  endemic  to  western  North  America,  and  sclerophyllous  or  microphyllous. 
The  high  rates  of  endemism  (10  of  13  genera)  and  monotypicism  argue  for  a  Madro-Tertiary 
geoflora  connection  within  scattered  pockets  of  habitat.   The  main  exceptions  are  the 
circumboreal  Dryas,  Physocarpus ,  and  Spiraea.   The  j^  =  9  Rosoideae  genera  of  table  3  may 
have  more  in  common  with  Spiraeoideae  than  with  21  ~  ^ '  ™esic  Rosoideae  such  as  Fragaria, 
Potentilla,  Rosa,  Rubus ,  and  Sanguisorba.   For  example,  Chamaebatia  of  Rosoideae  and  its 
namesake  Chamaebatiaria  of  Spiraeoideae  resemble  one  another  very  closely  in  leaf  form 
although  they  differ  in  fruit  type  and  growth  habit.   The  Rosoideae  species  of  table  3 
have  close  distributional,  morphological,  and  actinomycete  nodulation  ties  (Benson  1957; 
Klemmedson  1979).   Nevertheless,  we  question  the  subfamilial  distinctness  of  the  genera 
listed  in  table  3  in  light  of  their  apparent  affinities. 

Table  3. —  Rosaceous  shrubs  with  Madro-Tertiary  geoflora  affinities,  x  =  9^ 


Subfamily 

No.  of 

Subfamily 

No.  of 

Rosoideae 

species 

Distribution 

Spireaiodeae 

species 

Distribution 

Adenostoma 

2 

California  and 
western  Mexico 

Chamaebatiaria 

2   2 

Idaho,  Utah, 
Nevada 

Cercocarpus 

7 

Western  North 
America  including 
Mexico 

Holodiscus^ 

14 

Western  North 

America 

including 

Mexico, 

Columbia 

Chamaebatia^ 

2 

California 

Kelseya^ 

1 

Idaho , 
Montana, 

Cowan  ia 

5 

Western  North 
America  including 
Mexico 

Lutkea 

1 

Wyoming 
Northwestern 
North  America 

Petrophytum^ 

5 

Western  North 
America 

Dryas 

4^ 

Circumboreal 

Physocarpus*^ 

6^ 

North  America 
and  Asia 

Purshia 

2 

Western  North 
America 

Spiraea^ 

223 

Circumboreal 

1 

^Shrubs  of  the  subfamilies  Rosoidae  and  Spireaiodeae  with  species  west  of  the 
Mississippi  River.  Chromosome  number,  number  of  species,  and  species  distribution 
information  compiled  from  Rydberg  (1908-1918),  Martin  (1950),  Raven  and  others 
(1965),  Taylor  and  Mulligan  (1968),  Bailey  Hortorium  Staff  (1976),  and  tables 
1  and  2. 

^Based  on  new  chromosome  counts  (Sanderson  and  McArthur,  unpublished). 
^Only  North  American  species  included. 
Also  includes  ^=7    species  (in  the  Asiatic  portion  of  range). 
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Evolutionary  History 

The  degree  of  relationship  among  taxa  may  be  assessed,  in  part,  by  the  fertility  of 
hybrids  between  them.   Reproductive  isolation  barriers  are  usually  established  by 
natural  selection.   They  are,  expectedly,  most  intense  between  species  that  have  a 
long  history  of  sympatric  association  (Stebbins  1974).   Conversely  weak  isolation 
barriers  are  ordinarily  indicative  of  recent  evolutionary  divergence  or  recent  contacts 
between  related,  formerly  allopatric  species.   We  believe  the  weak  isolation  barriers 
between  Cowania  stansburiana  and  Purshia  tridentata  are  indicative  of  their  recent 
contact  after  a  long  separation.   Although  Cowania  stansburiana  differs  in  many 
attributes  from  Purshia  tridentata,  there  is  little  restriction  to  their  interbreeding. 

An  area  including  almost  all  of  Utah  and  most  of  Nevada  is  an  overlap  zone  for  them 
(fig.  2),  and  hybrids  are  found  at  nearly  every  point  of  contact  (Stutz  and  Thomas 
1964).   The  only  semblance  of  a  reproductive  isolation  barrier  is  their  partially 
disjunct  flowering  periods.   Purshia  tridentata  usually  flowers  earlier  than  C. 
stansburiana,  but  in  many  places,  C^.  stansburiana,  growing  on  a  south-facing  or 
west-facing  slope  of  a  ravine,  has  its  flowering  period  sufficiently  advanced  to  overlap 
the  retarded  flowering  period  of  P^.  tridentata  growing  on  the  adjacent  north-facing  or 
east-facing  slopes.   In  such  circumstances  hybrids  are  abundant,  mostly  along  the  ridge 
tops  separating  the  parental  populations.   The  hybrids  are  highly  fertile  and  often 
yield  sizeable  populations  of  hybrid  segregants.   More  commonly,  the  hybrids  backcross 
to  the  parents,  providing  genetic  introgression  from  one  species  to  the  other.   So 
common  is  introgressive  hybridization  that  no  population  of  bitterbrush  yet  examined  in 
Utah  is  free  from  influence  of  earlier  hybridization  with  cliffrose  (Stutz  and  Thomas 
1964;  authors'  unpublished  observations).   Introgression  of  bitterbrush  into  cliffrose 
is  less  common  than  introgression  of  cliffrose  into  bitterbrush,  but  that,  too, 
occasionally  happens.   Such  wholesale  hybridization  and  subsequent  introgression  will 
undoubtedly  provide  numerous  new  adaptive  products.   Thus  far  only  two  have  been 
detected:   one  to  the  south  and  one  to  the  north  of  the  overlap  area  (fig.  2).   The 
southern  adaptive  derivative  has  been  described  as  Purshia  glandulosa.   So  recent  is 
its  origin  that  although  it  is  uniform  for  those  particular  attributes  that  identify 
it  as  P^.  glandulosa,  different  populations  are  genetically  distinct.   This  may 
reflect  polyphyletic  origins  or  chance  fluctuations  in  occurrence  of  attributes 
not  crucial  for  its  establishment  (Stutz  and  Thomas  1964) .   Koehler  and  Smith  (1981) 
demonstrated  that  the  flavonoid  chemical  complement  of  P^.  glandulosa  is  compatible 
with  a  hybrid  ancestry. 

North  of  Utah,  beyond  the  geographic  distribution  of  Cowania,  some  cliffrose 
characteristics  are  present  in  most  bitterbrush  populations  (Stutz  and  Thomas  1964).   A 
possible  advantage  to  such  introgressed  populations  may  be  a  reduction  in  palatability 
to  browsing  animals.   The  magnitude  of  apparent  introgression  diminishes,  as  expected, 
with  latitude,  but  even  in  a  population  in  British  Columbia  a  few  plants  bear  stalked 
hypanthium  glands,  suggesting  some  influence  of  Cowania  even  at  that  northern  latitude. 
.1 

Because  much  of  the  overlap  area  of  C^.  stansburiana  and  P^.  tridentata  coincides 
^ith  areas  occupied  by  Pleistocene  lakes  and  glaciers  as  recently  as  12,000  years 
ago  (Lindsay  and  Vickery  1967),  the  current  distributions  in  the  overlap  areas  are 
recent  for  both  species.   Their  previous,  probably  disjunct,  distribution  allowed 
genetic  divergence  for  many  attributes,  but  provided  little  impetus  for  reproductive 
isolation. 

Purshia  and  Cowania ,  while  obviously  related,  differ  in  many  attributes  used  in 
taxonomy  (table  4):  leaf  size  and  shape,  pubescence,  glandulosity ,  time  of 
flowering,  number  of  stamens,  number  of  carpels,  deciduosity,  and  geographical 
listribution  (Thomas  1957;  Stutz  and  Thomas  1964).   However,  because  some  of  the 
species  hybridize  in  nature,  yielding  fertile  progeny,  some  scientists  (such  as 
3ronquist,  personal  communication;  Koehler  and  Smith  1981)  thought  it  might  be 
ippropriate  to  combine  them  into  one  genus.   The  wisdom  of  such  a  rigid  application 
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of  a  single  criterion  for  genus  definition  in  the  face  of  their  numerous  differences 
is  questionable.   Therefore,  we  prefer  to  retain  them  as  separate  genera.   Other 
rosaceous  genera  (such  as  Cydonia ,  Malus ,  Pyrus ,  and  Sorbus)  also  have  intergeneric 
fertility  but  are  maintained  as  distinct  genera  (Watkins  1976). 

Table  A. — Morphological  characteristics  of  species  of  Cowania,  Purshia,  and  Fallugia 
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*  companulate  =  40°,  funnelform  =  70° 

Seven  species  of  Cowania  have  been  described:  C^.  alba  Goodding,  C^.  ericifolia 
Torr.  ,  C^.  mexicana  D.  Don,  C^.  plicata  D.  Don,  C^.  davidsonii  Rydberg,  C^.  stansburiana 
Torr.,  C^.  sub  Integra  Kearney.   The  single  collection  of  C^.  alba  is  almost  certainly 
Purshia  glandulosa  or  a  hybrid  (Rydberg  [1913,  p.  416]  notes  that  the  collection  of 
C^.  alba  may  be  a  hybrid  between  C^.  stansburiana  and  P^.  glandulosa — and,  we  have 
observed  such  hybrids  in  the  general  area  of  the  only  collection  made  for  C^.  alba) . 
Cowania  davidsonii  is  one  of  the  common  variants  of  C^.  stansburiana  (Kearney  and 
Peebles  1960).   As  shown  in  table  4  and  figures  1  and  4,  the  other  five  species  have 
distinctive  differences  and  distributions. 
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Figure  4. — Illustrated  leaves  of  Cowan:  i, 
Fallugia,  and  Purshia  specie  I 
(ca.  X  1).  I 
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Cowania  mexlcana  is  found  only  on  the  slopes  of  the  Sierra  Madre  Occidental  in 
north-central  Mexico.   It  is  an  erect,  almost  fastigate  shrub  6.5  to  13  ft  (2  to  4  m) 
high  with  short  branches  and  conspicuously  rusty-orange  colored  bark.   The  leaves  are 
three-cleft  with  narrow  entire  lobes  and  deep  sinuses  (fig.  4)  bearing  nonstalked  glands. 

Cowania  stansburiana  grows  northward  from  northern  Mexico  into  California,  Arizona, 
New  Mexico,  Colorado,  Utah,  and  Nevada  to  about  the  42°  parallel.   It  usually  grows  in 
dry,  well-drained  shallow  soils.   It  is  usually  3  to  6.5  ft  (1  to  2  m)  tall,  but  some 
plants  grow  into  small  trees,  20  ft  (6  m)  or  more  in  height.   This  species  is  frequently 
treated  as  a  variety  of  C^.  mexicana  (var.  stansburiana  [Torr.]  Jeps.).   We  choose  to 
accept  it  on  the  species  level  in  a  parallel  treatment  with  the  other  Cowania  taxa 
(table  4)  .   It  differs  from  C^.  mexicana  in  that  C^.  stansburiana  generally  has  more  leaf 
lobes,  a  less  revolute  leaf  margin,  less  glandular  formality  on  leaves,  a  longer  pedicel 
length,  more  pedicel  glands,  larger  sepals,  a  more  funnelform  hypanthium  angle,  more 
stalked  glands  on  flowers,  and  fewer  achenes  per  hypanthium.   The  two  taxa  differ  also 
in  that  C^.  stansburiana  has  glands  on  the  hypanthium  whereas  C.  mexicana  has  a  pubescent 
hypanthium. 

Cowania  ericif olia  has  a  restricted  distribution  in  limestone  rocks  along  the  Rio 
Grande  River  in  the  Big  Bend  area  of  Texas.  This  short  statured,  straggling  shrub  has 
tiny  needle-like  leaves  (fig.  4). 

Cowania  subintegra  has  been  collected  only  near  Burro  Creek  in  west-central  Arizona 
and  near  Bylas  in  southeastern  Arizona.   It  grows  in  a  calcareous  shale  with  xerically 
adapted  plants  such  as  Larrea  tridentata  and  Cereus  giganteus.   It  is  much  like  C^. 
erlcifolia  in  all  respects  except  that  many  leaves  have  irregular  and  infrequent  side 
lobes,  and  it  is  generally  larger  statured. 

Cowania  plicata  is  a  very  distinctive  species,  conspicuous  because  of  its  beautiful 
pink-crimson  flowers.   Its  leaves  are  much  broader  than  those  of  any  other  Cowania 
species  (fig.  4)  and  are  seasonally  deciduous  when  grown  in  the  Brigham  Young  University 
nursery  in  Utah.   It  grows  in  the  Sierra  Madre  Oriental  in  northeastern  Mexico  in  more 
mesic  sites  than  do  other  Cowania  species. 

Fallugia  paradoxa  (D.  Don)  Endl.  is  monotypic  and  also  shows  minimal 
intraspecif ic  variation.   Although  a  common  element  in  all  of  the  deserts  of 
southwestern  North  America  (fig.  5),  it  is  usually  restricted  to  washes,  seepage 
areas,  and  woodland  margins,  so  it  is  somewhat  more  mesophytic  than  Purshia 
glandulosa  and  most  species  of  Cowania.   Superficially,  because  of  its  similarly 
lobed  leaves  and  clusters  of  long,  feather-tailed  fruits,  Fallugia  appears  to  be 
closely  related  to  Cowania  (Benson  1957;  Blauer  and  others  1975).   However,  its 
chromosome  number  (table  2,  Baker,  Pinkava,  and  Righetti  unpublished)  and  floral 
characteristics  (table  4)  show  that  it  is  a  distinctive  genus.   Furthermore, 
Fallugia  also  differs  from  Cowania,  Purshia,  Dryas,  Cercocarpus  and  other  x  =    9 
Rosideae  shrubs  (1)  in  not  forming  symbiotic  actinomycete-induced  nitrogen-fixing 
root  nodules  (Klemmedson  1979;  Nelson  in  this  proceedings;  Righetti  in  this 
proceedings) ,  and  (2)  in  producing  functionally  dioecious  plants  (Blauer  and  others 
1975;  authors'  personal  observations).   We  are  not  certain  if  its  primary  alliances  are 
with  the  X  =   9   group  of  table  3  or  with  one  of  the  ^=7   groups  of  table  1.   Some  of  the 
^  =   7   plants  such  as  Potentilla  have  the  dioecious  habit  of  Fallugia.   The  curious 
case  of  the  putative  natural  hybrids  between  Cowania  and  Fallugia  (Blauer  and  others 
1975)  is  apparently  due  to  mutants  of  C_.    stansburiana.   These  plants  have  the  2n.  =  18 
chromosome  number  of  £.  stansburiana  (authors'  unpublished;  Baker,  Pinkava,  and  Righetti 
unpublished) . 
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Purshia  tridentata  (Pursh)  DC.  is  distributed  from  about  the  37°  N  parallel        j 
northward  into  southern  British  Columbia,  mostly  on  the  western  side  of  the  Continental  ■ 
Divide  (fig.  2).   It  differs  from  P^.  glandulosa  and  all  of  the  Cowania  species  in  being 
deciduous  and  having  a  much  earlier  flowering  period  (May-June).   Other  differences  are  |; 
listed  in  table  A.  i 


Figure  5. — Distribution  of  Cowania  stansburiana  (from  fig.  2) 

and  Fallugia  paradoxa  (after  Kearney  and  Peebles  1960; 
Vines  1960). 
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Purshla  glandulosa  Curran  is  restricted  to  southern  Utah,  northern  Arizona, 
southern  Nevada,  and  southeastern  California  (fig.  2).   Stutz  and  Thomas  (1964)  and 
Koehler  and  Smith  (1981)  report  that  it  appears  to  be  a  hybrid  derivative  from  Cowania 
stansburiana  X  Purshia  tridentata  parentage. 

Cowania  appears  to  be  more  ancient  than  Purshia.   Furthermore,  Cowania,  has  other 
attributes  that  make  it  attractive  as  ancestral  stock.   It  has  some  apparent  affinities 
with  Cercocarpus,  which  has  a  demonstrated  antiquity  through  an  abundant  fossil  record 
(Axelrod  1950,  1958,  1977).   We  think  it  notable  that  Cowania  and  Cercocarpus  both  have 
long,  plumose,  persistent  styles  attached  to  their  achenes.   Furthermore,  Cowania  and 
Cercocarpus  have  a  similar  complement  of  isoenzymes,  more  similar,  in  fact,  than  do 
Cowania  and  Purshia  (Leonard  and  others  1981) .   Their  chromosomes  are  similar  in  size 
and  staining  behavior  (authors'  unpublished  research).   Both  Cercocarpus  and  Cowania 
have  higher  numbers  of  species  than  the  other  Rosoideae  of  table  3;  and  they  have  better 
development  in  the  south  where  the  Madro-Tertiary  geoflora  underwent  maximum  development 
(figs.  1  and  3) . 

We  make  the  proposal  that  Cowania  is  ancestral  to  Purshia.   Its  southern 
distribution,  greater  intraspecif ic  differentiation,  primitive  traits  (numerous 
flower  parts  and  evergreen  habit) ,  and  its  apparent  isoenzymatic  and  morphological 
kinship  with  the  geologically  widespread  Cercocarpus  make  it  a  good  candidate  for 
primitive  stock.   Cowania  appears  to  be  among  those  desert  shrubs  that  Axelrod 
(1958)  proposed  were  derived  from  the  Arcto-  and  Neo-tropical  Tertiary  flora 
following  their  emergence  in  the  Sierra  Madre  region  of  Mexico  during  the  Tertiary 
epoch.   Its  lobed,  revolute-margined  leaves  appear  to  be  adaptations  that  permitted 
it  to  accomodate  the  more  xeric  Madro-Tertiary  environment  and  that  have  allowed  it 
to  continue  as  a  desert  shrub  to  the  present .   Cowania  mexicana  is  probably  most 
like  the  ancestral  stock.   From  it,  C^.  ericifolia  was  probably  derived  as  a  more 
extensive  xerophyte  bearing  needle-like  leaves  that  permitted  it  to  occupy  severely 
xeric  sites.   Cowania  stansburiana  apparently  acquired  multilobed  leaves  and 
numerous  stalked  glands  that  were  necessary  adaptations  for  spreading  into  the 
cooler  drier  climates  to  the  north.   Cowania  subintegra  with  its  subtle  leaf-lobing 
may  be  an  intermediate  in  the  evolution  of  C^.  ericifolia  or  a  separate  spinoff  in 
the  line.   Alternatively,  it  may  be  the  product  of  hybridization  between  a 
previously  more  widespread  C^.  ericifolia  and  C^.  stansburiana.   Because  C^.  plicata  is 
so  distinctive  from  the  other  Cowania  species,  it  most  likely  diverged  early  in  the 
evolution  of  the  genus. 
I 

Purshia  is  also  probably  an  early  derivative  from  Cowania  that  subsequently 
evolved  in  isolation.   Present  contact  between  Purshia  and  Cowania  is  apparently 
very  recent.   An  alternative  hypothesis  is  that  some  ancestral  stock  gave  rise  to 
several  related,  but  independent,  entities  from  the  evolving  Madro-Tertiary  flora, 
for  example,  Cowania  and  Purshia  taxa.   As  mentioned  above,  Purshia  glandulosa  is 
clearly  of  recent  origin  (fig.  2). 

Fallugia  paradoxa  was  probably  also  a  part  of  the  Madro-Tertiary  geoflora.   It  may 
have  separated  from  Cowania-Purshia  by  chromosome  number  reduction  or,  more  likely,  it 
nay  be  more  closely  related  to  21  =  7  stock.   In  any  case,  it  is  now  apparently 
genetically  impoverished  and  narrowly  niche-restricted. 

Future  evolution  in  this  fascinating  group  of  rosaceous  plants  will  probably  be 
nost  dramatic  in  the  overlap  areas  of  Cowania  and  Purshia.   There,  interhybridization  is 
providing  an  unusually  rich  gene  pool,  probably  much  like  that  available  during  Tertiary 
vhen  the  merging  of  northern  and  southern  species  and  the  presence  of  moisture  gradients 
srovided  similar  extensive  arrays  of  genetic  combinations  with  resultant  new  adaptive 
:hemes . 
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CONCLUSIONS  I 

Cowania,  Purshia,  and  Fallugia  are  all  derivatives  of  the  rosaceous  components  of  ! 
the  Madro-Tertiary  geoflora.  Cowania  with  its  more  southern  distribution,  higher  numbe I 
of  species,  apparent  antiquity,  and  affinity  for  Cercocarpus  is  probably  most  like  the  , 
ancestral  stock.  Cowania  mexicana  may  have  been  the  springboard  for  the  derivation  of  | 
other  species  of  Cowania  and  perhaps  Purshia.  Fallugia' s  relationship  to  Purshia  and  [ 
Cowania  remains  unclear.  Although  it  shares  several  morphological  traits  with  Cowania, 
it  has  many  distinctive  differences  including  base  chromosome  number.  I 

I 
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TAXONOMIC  VARIATIONS  OF  BITTERBRUSH 

(PURSHIA  TRIDENTATA)  IN  OREGON -^ 

2 
A.  H.  Winward  and  Jean  Alderfer  Findley 


ABSTRACT 

Morphological  and  physiological  characteristics  of  bitterbrush 
populations  were  examined  in  Oregon  and  northern  California  to 
determine  which  of  the  observed  variations  are  genetic  and  which 
are  environmental  expressions.   Four  ecotypes  were  identified 
but  extensive  overlapping  between  populations  was  found.   Specific 
characteristics  studied  indicated  two  separate  trends  for 
bitterbrush  gene  flow  into  Oregon. 


INTRODUCTION 

Bitterbrush  (Purshia  tridentata  [Pursh]  DC)  is  a  palatable  and  nutritious  shrub 
component  of  many  western  rangelands.   Because  of  depletion  over  much  of  its  range, 
considerable  emphasis  has  been  placed  on  its  restoration  during  the  past  two 
decades.   Many  restoration  attempts  have  met  with  either  limited  success  or  total 
failure.   Although  many  factors  have  been  explored  to  explain  these  failures,  the 
possibility  of  genetic  variation  within  this  species  often  has  been  overlooked. 
Species  such  as  bitterbrush  that  occupy  broad  environmental  ranges  have  had  ample 
opportunity  for  the  development  of  such  adaptive  variations. 

Many  of  us  have  observed  a  considerable  amount  of  variation  in  bitterbrush.   Height 
ranges  from  a  low  prostrate,  layering  form  less  than  1.6  ft  (0.5  m)  to  large 
upright  shrubs  over  13  ft  (4  m)  tall.   We  have  observed  marked  variation  in  leaf 
size,  shape,  color,  and  pubescence  between  areas  as  well  as  within  a  single 
population.   Glandulation  may  occur  on  the  hypanthia  alone  or  on  new  leaders  and 
leaves.   Seed  size,  shape,  and  coloring  varies  markedly  as  does  the  hypanthium 
length.   Growth  form  as  influenced  by  leader  and  spur  development  likewise  has 
shown  distinct  variation.   In  addition,  we  have  observed  major  differences  in  the 
timing  of  such  physiological  functions  as  flowering  and  seed  set  over  the  shrub's 
geographic  range. 

Bitterbrush  grows  in  association  with  a  variety  of  vegetation  types,  including 
ponderosa  pine,  lodgepole  pine,  oak,  juniper,  or  sagebrush.   Sometimes  it  is  a  sole 
shrub  dominant.   Franklin  and  Dyrness  (1973)  recorded  18  recognized  habitat  types 
in  Oregon  of  which  bitterbrush  was  a  major  component. 
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Soil  characteristics  supporting  bitterbrush  vary  widely.   Parent  material  may  be 
basaltic,  rhyolitic,  pumiceous,  or  sedimentary  (Nord  1965).   Generally,  soils  are 
coarse-textured,  deep,  and  well  drained;  however,  Driscoll  (1964)  reported  stands 
of  bitterbrush  on  fine-textured,  stoney  soils. 

Several  authors  indicate  that  many  of  the  differences  observed  between  populations 
of  bitterbrush  may  be  genetically  influenced  (Nord  1959;  Wagle  and  Vlamis  1961; 
Plummer  and  others  1968;  Klemmedson  and  Ferguson  1969).   We  initiated  this  study  to 
ascertain  if  bitterbrush  is  composed  of  distinct  genetic  groups  that  can  be 
recognized  and  used  to  better  understand  management  requirements  for  this  forest 
and  rangeland  shrub.   A  more  detailed  discussion  of  pertinent  information  on  the 
ecology  and  taxonomy  of  antelope  bitterbrush  can  be  found  in  Alderfer  (1977)  from 
which  this  publication  is  a  part. 

STUDY  APPROACH 

We  selected  18  areas  in  eastern  Oregon  and  two  areas  in  northern  California  for 
field  studies  of  specific  bitterbrush  populations.   Populations  selected  for 
intensive  study  were  chosen  to  represent  major  differences  in  growth  form  and 
morphology  of  bitterbrush  plants,  elevations,  geographical  range,  dominant 
associated  species,  and  physical  environment.   Every  effort  was  made  to  select 
sites  that  presented  reasonably  undisturbed  conditions  and  a  minimum  of  utilization 
on  bitterbrush  plants. 

At  each  site,  measurements  were  made  and  characteristics  studied  for  20  vigorous, 
mature,  seed-bearing  individuals  of  the  local  bitterbrush  population.   We  placed  a 
vegetative  sample  from  each  plant  in  a  paper  bag  for  later  chromatographic  studies. 
A  voucher  specimen  was  likewise  pressed  for  the  10  even-numbered  plants  from  each 
site.   As  the  season  progressed,  we  collected  seeds  and  their  accompanying 
hypanthia  from  each  of  the  20  plants  at  each  area. 

Based  on  visual  inspection  and  measurement  of  material  from  the  pressed  samples, 
ratings  were  developed  and  assigned  for  leaf  glandulation,  pubescence,  length, 
width,  lobing,  general  shape,  and  bark  coloration.   In  an  effort  to  evaluate  growth 
form,  leader  growth  was  recorded  as  strongly  upright  or  multidirectional. 
Layering,  dense  or  open  branching,  and  spur  production  also  were  rated. 

We  selected  450  well-filled  seeds  from  17  populations.   These  seeds  were  germinated 
and  grown  in  a  common  greenhouse  environment  to  help  determine  which 
characteristics  were  genetically  fixed  versus  those  that  might  represent 
environmental  expressions.   Percent  emergence,  cotyledon  height,  and  leaf 
pubescence,  glandulation,  and  shape  were  recorded  for  comparisons  between  different 
populations  and  between  parent  plants  and  their  progeny. 

Vegetative  material  from  10  samples  at  each  of  15  sites  was  used  for 
chromatographic  tests.   Root  tips  from  the  germination  trials  were  used  in  the 
chromosomal  studies.   We  used  a  cluster  analysis  technique  in  grouping  populations 
of  bitterbrush  that  had  similar  characteristics. 


RESULTS 

Data  from  the  20  study  areas  showed  some  clustering  of  kinds  or  races  of 

bitterbrush,  but  a  lot  of  overlapping  occurred  between  populations.  We  found  evidence 

of  a  gene  flow  pattern  among  populations  into  Oregon.   There  has  heen  a 

pattern  of  gene  exchange  northward  through  Utah,  down  the  Snake  River  in  Idaho,  and     ; 

into  northeastern  Oregon.   Our  data  suggest  that  another  line  of  gene  exchange  has      [ 
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occurred  westward  from  the  Great  Basin  to  the  Cascade-Sierra  Mountains  and  from 
there  northward  into  Oregon  and  Washington.   Major  morphological  differences 
between  populations  from  these  two  areas  of  gene  flow  that  showed  in  the  cluster 
analysis  are  shown  in  table  1. 


Table  1. — Major  characteristics  of  two  gene  flow  patterns  found 
in  Oregon. 

Idaho  -  Snake  River Cascade-Sierra 

Leaves  Straight  edge  Belled 

Achenes  Long,  indented  Filled 

Hypanthia Long Short 

In  addition  to  these  gene  flow  patterns,  we  found  sufficient  evidences  to  identify 
and  describe  four  ecotypes  of  bitterbrush  in  Oregon.   The  pumice  soils  in  the 
lodgepole  pine  region  appear  to  have  given  rise  to  a  local  ecotype  of  bitterbrush 
characterized  by  small,  dark  green,  heavily  glandular  plants  that  show  a  tendency 
toward  prostrate  growth  form,  layering,  and  lack  of  dense  spur  development 
(fig.  1). 

In  a  similar  and  equally  harsh  but  edaphically  different  environment  at  the  top  of 
Hart  Mountain,  another  ecotype  has  developed.   This  ecotype  is  similar  in  growth 
form,  color,  layering,  and  glandulosity  to  the  lodgepole  pine  ecotype,  yet  has 
certain  distinctive  features  (fig.  1).   Leaves  at  Hart  Mountain  are  more  belled  and 
have  shallower  lobes,  a  striking  white  bark,  and  yellowish  rather  than  redish 
glands.   Seed  set  and  shatter  occurs  in  late  summer  versus  early  summer  for  the 
lodgepole  ecotype. 

We  found  two  additional  ecotypes  representing  tall  plants  with  long,  large  leaves 
and  heavy  seeds,  one  in  the  Janesville  area  of  northern  California  and  the  other 
along  portions  of  the  Snake  River  drainages  in  north  eastern  Oregon  (fig.  2).   Both 
locations  have  long  growing  seasons  and  deep  soil,  in  contrast  to  the  rather  harsh 
environmental  conditions  that  gave  rise  to  the  Hart  Mountain  and  lodgepole  pine 
ecotypes.   These  two  tall  ecotypes  actually  showed  more  dissimilarity  than  the 
low,  layering  ecotypes.   Differences  were  particularly  evident  in  the  hypanthium 
length,  achene  shape  and  markings,  glands  on  the  hypanthia,  leaf  pubescence,  and  a 
distinct  point  on  the  outer  leaf  lobes  (table  1). 


il 


27 


Figure  1. — Examples  of  low,  layering  ecotypes; 
right  -  Hart  Mountain. 


Left  -  Lodgepole /Pumice ,  and 


8»,^-  ?' 


Figure  2. — Examples  of  tall,  massive  ecotypes: 
Snake  River. 


Left  -  Janesville,  and  right 
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However,  in  support  of  the  ecotype  concept  for  these  four  races,  all  retained  many 
of  their  characteristics  under  common  conditions  in  the  greenhouse  (fig.  3). 
Although  morphology  was  variable  within  and  between  populations  of  these  ecotypes, 
silhouettes  in  figure  4  demonstrate  the  general  leaf  shapes  of  each  of  the  four 
Oregon  ecotypes.   These  silhouettes  also  demonstrate  that  leaf  morphology  varies 
depending  on  its  position  on  the  plant.   This  characteristic  can  be  useful  in 
better  understanding  bitterbrush  taxonomy,  and  it  may  be  an  important  management 
feature.   For  example,  size  of  overwintering  leaves  varies  considerably  among 
ecotypes,  which,  in  turn,  can  influence  the  winter  nutrient  status  of  bitterbrush. 


Figure  3. — Plants  showing  upright  (left)  and  recumbent  (right)  growth  form  for 
plants  grown  in  the  greenhouse.   Left  -  Snake  River  ecotype,  and  right  - 
Lodgepole/Pumice  ecotype. 
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Figure  4. — Variation  in  leaf  characteristics  for  the  four  Oregon  ecotypes.   Kind  of 
leaf  and/or  position  are  as  follows:   A  =  overwintering;    B  =  outside  spur; 
C  =  inside  spur;    D  =  first  leader;    E  =  second  and  subsequent  leader 
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The  remainder  of  the  bitterbrush  populations  studied  appeared  to  represent  merging 
of  characteristics  from  two  or  more  of  the  four  described  ecotypes. 

Chromosome  counts  showed  all  bitterbrush  populations  studied  were  diploid  (2n  = 
18).   No  evidence  of  polyploidy  was  found.   In  the  chromatographic  studies,  we 
could  not  find  adequate  correlation  between  the  flavanoid  and  phenolic  spots  and 
morphological  characteristics,  nor  geographical  distribution  of  bitterbrush.   We 
did  find  four  spots  common  to  cliff rose  (Cowania  stansburiana  Torr.)  in  sampling 
desert  bitterbrush  (P^.  glandulosa)  obtained  from  southern  California.   This 
supports  statements  by  other  authors  regarding  introgression  of  cliffrose  and 
desert  bitterbrush  (Nord  1965).   These  four  spots  were  found  only  sporadically  in 
antelope  bitterbrush;  yet,  they  likewise  indicate  that  some  populations  of  antelope 
bitterbrush  may  show  introgression  with  cliffrose.   However,  no  distributional 
pattern  could  be  discerned  for  plants  or  populations  containing  these  spots. 

CONCLUSIONS 

Because  bitterbrush  has  the  characteristic  to  outbreed  (readily  crosses  with  other 
bitterbrush  plants  in  the  vicinity)  and  because  it  is  known  to  hybridize  with         jj, 
cliffrose,  it  contains  a  diverse  genetic  reserve  so  that,  in  total,  the  species  is 
well  adapted  to  a  number  of  diverse  environments.   This  has  been  both  an  advantage 
and  disadvantage  to  managers.   The  advantage  is  the  wide  diversity  of  material  to      f| 
choose  from  when  selecting  sources  of  bitterbrush  for  specific  sites  or  uses.   The 
disadvantage  is  that  it  is  difficult  to  match  the  best  genetic  material  to  our 
particular  needs.   For  managers  contemplating  bitterbrush  seeding  projects,  seed 
source  remains  critically  important.   Indiscriminate  choice  of  seeds  may  be 
responsible  for  our  past  and  present  seeding  failures.   We  need  to  study  tolerance 
ranges  of  all  races  of  bitterbrush  so  we  can  better  predict  their  limitations.   For 
example,  the  two  low  layering  ecotypes  may  be  highly  adapted  for  establishment  on 
certain  harsh  sites.   However,  it  would  appear  the  Hart  Mountain  ecotype  may  be 
more  successful  on  harsh,  shallow  soil  sites  in  higher  mountainous  areas  of  the 
Western  United  States  because  it  is  adapted  to  the  shorter  frost-free  growing 
season  at  these  elevations. 

A  relationship  was  observed  between  taller  plants  and  frost-free  growing  season. 
Seeds  from  the  tall  ecotypes  may  produce  seedlings  unable  to  survive  where  severe 
frosts  occur  frequently.   Failure  of  some  of  our  past  seeding  is  likely  related  to 
selection  of  nonfrost  tolerant  ecotypes.   If  local  or  on-site  seed  is  not 
available,  we  recommend  that  associated  vegetation,  soil  type,  and  frost-free 
growing  season  of  the  seed  source  be  matched  as  nearly  as  possible  to  the  site 
selected  for  seeding. 

Based  on  our  study  of  the  four  ecotypes,  we  also  recommend  that  the  presoak 
treatment  in  thiourea  to  break  bitterbrush  seed  dormancy  be  extended  from  the 
currently  recommended  5  min.  treatment  to  a  15-20  min.  treatmemt.   We  found  that  a 
5  min.  soak  was  not  adequate  for  all  ecotypes  studied,  while  the  15-20  min.  soak 
broke  dormancy  in  all  ecotypes.   A  longer  20  min.  soak  is  not  recommended  because 
it  may  damage  the  radicle  of  some  types. 

As  we  continue  to  understand  more  about  the  genetic  nature  of  bitterbrush,  we  will 
most  likely  increase  our  ability  to  manage  this  complex  and  interesting  shrub. 
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BITTERBRUSH  DISTRIBUTION  AND 
HABITAT  CLASSIFICATION  ON  THE 


BOISE  NATIONAL  FOREST^ 


Ronald  K.  Tew^ 


ABSTRACT 

On  the  Boise  National  Forest,  bitterbrush  occurs  most 
abundantly  between  3,200  and  4,500  ft  (975  and  1371  m) 
elevation.   Hot  south-facing  slopes  have  the  greatest 
tendency  to  support  bitterbrush  at  all  elevations.   On 
sites  having  deep  soils,  plants  are  tall  and  treelike, 
but  they  are  prostrate  on  many  of  the  harsher  sites. 

INTRODUCTION 

Numerous  classification  and  stratification  schemes  could  be  used  to  inventory 
natural  resources.   Most  are  used  to  identify  units  of  land  that  have  unique  resource 
values  or  constraints.   In  mapping,  some  characteristics  often  used  as  a  basis  in- 
clude soils,  vegetation,  landform,  geology,  and  climate.   These  variables  may  be 
mapped  independently  or  as  an  integrated  system.   The  approach  that  has  been  followed 
here  is  an  integrated  inventory  with  emphasis  on  landform,  geology,  vegetation,  and 
climate.   Soil  is  given  emphasis  at  lower  levels  in  the  inventory  system. 

Whatever  approach  is  used,  a  base  map  is  generally  prepared  that  provides  a 
common  land  resource  frame  of  reference  for  various  disciplines  to  relate  to  in  land 
management  planning.   Advantages  to  such  an  approach  from  the  standpoint  of  bitter- 
brush management  include:  (1)  predictive  capabilities  are  improved  in  a  homogeneous 
setting;  (2)  there  is  a  basis  for  extrapolation  of  information;  (3)  sampling  varia- 
tion is  reduced  when  resource  inventories  are  done  in  a  relatively  homogeneous  envi- 
ronment; (4)  there  is  a  recognized  unit  of  land  for  describing  the  location  of  avail- 
able resources;  and  (5)  there  generally  is  better  interdisciplinary  communication 
when  a  common  land  base  has  been  established  as  a  reference  point. 

FOREST  STRATIFICATION 

The  concepts  of  land  systems  inventory  presented  by  Wertz  and  Arnold  (1972), 
with  modifications  proposed  by  Bailey  (1980) ,  provided  the  framework  for  land 


^  Paper  presented  at  the  Bitterbrush  and  Cliffrose  Symposium  in  Salt  Lake  City, 
Utah,  April  13-15,  1982. 

^  Ronald  K.  Tew  is  the  Range,  Watershed,  and  Wildlife  Staff  Officer  on  the  Boise 
National  Forest,  Boise,  Idaho. 
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stratification  on  the  Boise  National  Forest.   Bailey's  ecoregion  concept  provided  the 
first  broad  level  of  stratification  using  climate  and  potential  vegetation  as  vari- 
ables.  Within  ecoregions,  "zones"  were  established  by  superimposing  subsections  as 
defined  by  Arnold  (1975)  .   These  zones  were  distinguished  on  the  basis  of  landform, 
climate,  and  geologic  structure.   Zones  were  divided  into  "landtype  associations" 
as  defined  by  Wertz  and  Arnold  (1972) . 

All  or  portions  of  21  zones  were  established  to  cover  about  3  million  acres  (1.2 
million  ha)  in  the  Boise  National  Forest.  The  general  location  and  the  approach  used 
is  shown  in  figure  1. 


STRONGLY    DISSECTED     FLUVIAL   GRANITIC    LANDS 
LANDTYPE     ASSOCIATION 


Figure  1. — General  location  of  the  Boise  National  Forest  with  an  example  of  land 

stratification. 


Generally  three  to  five  landtype  associations  were  recognized  in  each  zone. 
These  divisions  were  based  primarily  on  landform,  geology,  vegetation,  and  climatic 
factors.   Slope  forming  factors,  such  as  glacial  and  fluvial  action,  as  well  as  water 
[.  handling  characteristics  of  the  slopes,  were  also  considered. 

GEOLOGY  AND  SOILS 


About  85  percent  of  the  Boise  National  Forest  lands  are  within  the  Idaho  bath- 
olith  where  granitic  parent  materials  dominate.   The  soils  are  sandy  and  often  shal- 
low to  moderately  deep,  over  fractured,  and/or  decomposed  granite. 

A  few  basalt  flows  and  silicic  volcanic  lands  occur  on  the  southern  end  of  the 
Forest  where  deeply  cut  canyons  overshadow  the  streams.   The  west  and  central  portion 
of  the  Forest  has  a  limited  acreage  of  structurally  controlled  basalt  lands  with 
long,  steep,  west-facing  dip  slopes.   In  these  areas,  soils  are  often  shallow,  cobbly, 
clay  loams  over  hard  bedrock.   These  differences  in  soil  and  geology  have  been  taken 
into  account  in  the  Forest  stratification  process. 
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CLIMATE  AND   ELEVATION 

f 

The  average  annual  precipitation  ranges  from  14  Inches  (36  cm)  on  the  southern 
end  of  the  Forest  to  a  high  of  70  inches  (178  cm)  on  the  northern  end.   The  precipi- 
tation is  closely  tied  to  elevation  ranging  from  3,200  ft  (975  m)  to  approximately 
10,000  ft  (3046  m) .   There  is  also  a  close  link  to  latitude,  with  more  moisture  in 
the  northern  latitudes.   Rain  shadow  effects  are  apparent  throughout  the  area. 

Summers  are  hot  and  dry  with  little  moisture  falling  on  the  lower  elevation 
slopes  between  June  and  September.   Temperatures  exceeding  90°  F  (32°  C)  are  common 
during  several  weeks  in  July  and  August.   The  combination  of  high  temperatures  and 
relatively  low  rainfall  makes  conditions  for  plant  growth  quite  severe.   Even  so, 
many  species  are  able  to  adapt  to  the  harsh  climatic  conditions  by  sending  roots  deep 
into  the  fractured  granitic  materials. 

PLANT/HABITAT  TYPE  CHARACTERIZATION 

Hironaka  and  Fosberg  (1981)  are  cited  as  the  authorities  on  habitat  types. 
Scientific  names  follow  Holmgren  and  Reveal  (1966)  except  where  tentative  subspecies 
of  big  sagebrush  (Artemisia  tridentata  ssp.  spicif ormis  and  Artemisia  tridentata  ssp. 
xericensis)  are  identified.   In  these  cases,  concepts  presented  by  Hironaka  and  Fos- 
berg (1981)  are  used. 


BITTERBRUSH  DISTRIBUTION 

Purshia  tridentata  (Pursh)  DC,  (bitterbrush)  ,  occurs  most  abundantly  between 
3,200  and  4,500  ft  (975  and  1371  m)  elevation,  although  a  few  sites  may  have  plants 
above  5,500  ft  (1676  m) .   Hot  south-facing  slopes  have  the  greatest  tendency  to 
support  bitterbrush  at  all  elevations,  even  though  annual  precipitation  on  sites 
supporting  bitterbrush  ranges  from  14  to  35  inches  (36  to  89  cm) . 

Bitterbrush  habitat  types  occur  on  both  volcanic  and  granitic  parent  materials. 
In  each  case,  bitterbrush  dominates  only  the  relatively  harsh  sites,  but  dense  stands 
of  bitterbrush  may  occur  on  productive  sagebrush  habitat  types  as  well. 

On  the  southern  end  of  the  Forest,  the  Basalt  Plains  and  Canyons  landtype  asso- 
ciation contains  several  Artemisia  arbuscula  Nutt.  var .  arbuscula  (low  sagebrush) 
habitat  types.  Shallow,  rocky,  clay  loam  soils  that  are  saturated  in  the  spring  for 
short  periods  are  prevalent.  Bitterbrush  is  not  common  on  these  habitat  types.  Only 
a  few  decadent  plants  are  scattered  along  the  edges  of  the  communities.  However,  it 
is  common  to  see  several  sagebrush  habitat  types  mixed  together,  and  the  total  land- 
scape may  have  considerable  bitterbrush  present  in  a  mosaic  pattern. 

Artemisia  tridentata  Nutt.  ssp.  vasevana  (Rydb.)  Beetle/Agropyron  spicatum 
(Pursh)  Scribn.  &  Smith  var.  spicatum,  (mountain  big  sagebrush/bluebunch  wheatgrass) 
is  by  far  the  most  common  habitat  type.   Bitterbrush  is  a  regular  component  on  most 
of  these  sites.   Because  this  habitat  type  covers  the  entire  elevational  range  of 
bitterbrush  on  the  Forest,  there  are  many  soil  types  involved.   As  a  result,  bitter- 
brush density,  production,  plant  size,  and  shape  varies  considerably.   Landform  can 
vary  from  gently  rolling  hills  to  long,  very  steep  slopes.  , 

The  Artemisia  tridentata  Nutt.  ssp.  vaseyana  (Rydb.)  Beetle/Festuca  idahoensis 
Elmer  (mountain  big  sagebrush/Idaho  fescue)  habitat  type  is  most  prevalent  on  steep 
north-facing  slopes.  Bitterbrush  is  generally  sparse  on  these  sites,  although  some 
plants  are  present.  ( 
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The  Artemisia  tridentata  Nutt.  ssp.  tridentata  (basin  big  sagebrush)  habitat 
types  occur  primarily  at  the  lower  elevations  on  depositional  soils.   These  sites  are 
productive  because  of  the  deep  soils,  and  in  some  cases  moisture  is  received  from 
adjacent  slopes.   There  are  some  areas  where  dense  stands  of  bitterbrush  occur  and 
plants  exceed  6  to  8  ft  (1.8  to  2.4  m)  in  height.   When  this  condition  occurs,  the 
sagebrush  is  generally  sparse. 

The  Artemisia  tridentata  ssp.  xericensis  (x  big  sagebrush)  habitat  types  are 
common  between  3,500  and  5,000  ft  (1066  and  1676  m)  elevation.   These  sites  are 
usually  highly  productive  and  have  considerable  species  diversity.   It  is  also  common 
to  find  basin  big  sagebrush  and  mountain  sagebrush  on  these  sites.   Bitterbrush  does 
well  and  again  produces  large  plants.   Bitterbrush  may  be  relatively  abundant  or 
somewhat  sparse. 

The  Artemisia  tridentata  ssp.  spiciformis/Bromus  carinatus  Hook.  &  Arn.  (alpine 
big  sagebrush/California  brome)  habitat  type  occurs  on  the  high  elevation  glaciated 
landtype  associations.   Because  of  the  high  elevations  and  cool,  moist  climatic  con- 
ditions, it  is  uncommon  to  find  bitterbrush  growing  on  these  sites. 

Zones  and  landtype  associations  occurring  in  the  central  portion  of  the  Forest 
have  vast  amounts  of  bitterbrush  growing  on  the  granitic  materials.   Bitterbrush 
habitat  types  are  common,  especially  on  hot  south-facing  slopes.   The  slopes  are 
generally  very  steep  and  considerable  natural  erosion  is  evident.   Soils  are  shallow 
and  have  coarse  textures.   Plants  are  often  prostrate  with  an  abundance  of  dead  wood 
present. 

There  are  some  unique  slopes  that  are  dominantly  native  grasslands.   The  slopes 
are  long,  very  steep,  and  have  a  smooth  graded  appearance.   Soils  are  shallow  over 
granitic  bedrock.   On  these  slopes,  bitterbrush  may  be  observed  in  a  few  places.   The 
plants  usually  follow  the  rock  fracture  lines  across  the  slopes.   Here  the  plants  can 
anchor  their  roots  deeply  into  the  substratum. 

The  zone  immediately  north  of  Boise  is  unusual  in  that  it  is  the  only  place  on 
the  Forest  where  vast  stands  of  Aristida  longlseta  Steud.  var.  longiseta  (red  three- 
awn)  are  present.   Some  of  the  finer  textured  soils  are  in  this  zone.   Here  bitter- 
brush occurs  most  densely  along  a  belt  between  3,200  and  4,500  ft  (975  and  1371  m) 
elevation.   Several  sagebrush  species  are  commonly  associated  with  the  bitterbrush. 

Along  the  west-central  portion  of  the  Forest,  structurally  controlled  basalt 
lands  with  long,  steep  west-facing  slopes  are  present.   Here  soils  are  shallow  clay 
loams  with  a  high  coarse  fragment  content.   Bitterbrush  habitat  types  are  common 
within  this  zone,  and  sagebrush  habitat  types  are  somewhat  limited  in  extent.   Red 
three-awn,  which  is  so  common  a  few  miles  to  the  east,  becomes  sparse  on  the  volcanic 
materials . 

On  the  high  elevation  glaciated  landtype  associations  and  on  the  high  elevation 
meadows  that  occupy  large  acreages  on  the  northern  portion  of  the  Forest,  bitterbrush 
distribution  becomes  very  limited.   Precipitation  is  high,  reaching  70  inches  (178 
cm)  per  year  in  some  areas.   Temperatures  are  cool  and  the  growing  season  is  short. 
Much  of  the  land  in  this  vicinity  is  covered  with  dense  stands  of  timber,  thus  eli- 
minating bitterbrush,  except  in  a  few  scattered  ponderosa  pine  stands  at  the  lower 
elevations. 

MANAGEMENT  IMPLICATIONS 

Because  several  big-game  winter  ranges  occur  on  the  Boise  National  Forest,  it  is 
essential  that  adequate  food  sources  be  maintained  on  key  habitats.   It  is  important 
to  maintain  a  diversity  of  plants  as  well  as  an  abundance  of  major  food  supplies.   To 
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meet  these  demands,  the  Forest  has  been  actively  engaged  in  a  bitterbrush  planting 
and  management  program.   Several  factors  have  influenced  program  results:  (1)  gopher 
activity  is  intense  on  some  landtypes  where  soils  are  deep;  (2)  seeds  or  seedlings 
adapted  to  specific  habitat  types  have  not  always  been  as  carefully  selected  as  they 
should  have  been  (that  is,  seed  from  large  treelike  bitterbrush  plants  on  basin  big 
sagebrush  habitat  types  may  not  do  as  well  on  shallow  soils  where  prostrate  bitter- 
brush plants  are  commonly  found);  (3)  summers  are  hot  and  dry,  which  creates  a  tre- 
mendous moisture  stress  on  new  plants  during  their  first  growing  season;  (4)  it  has 
not  always  been  recognized  that  bitterbrush  plants  perform  best  on  sites  where  roots 
can  easily  penetrate  the  soil  or  where  fractures  in  the  parent  material  provide  chan- 
nels that  roots  can  anchor  into,  nor  that  bitterbrush  competes  well  on  the  harsh  dry 
sites  because  it  is  capable  of  sending  roots  into  the  fractured  granitic  materials; 
and  (5)  bitterbrush  plants  are  often  killed  by  fires  that  commonly  occur  during  the 
hot  summer  months,  which  needs  to  be  accounted  for  in  any  economic  consideration. 

CONCLUSIONS 

Zones  and  landtype  associations  are  units  of  land  that  have  unique  qualities 
from  the  standpoint  of  resource  production  potentials,  management  constraints,  and 
opportunities  for  improvement.   Only  two  broad  levels  of  land  stratification  have 
been  addressed  here  for  the  Boise  National  Forest  as  a  reference  framework.   How- 
ever, more  detailed  inventories  have  identified  landtypes  and  range  types.   At  both 
levels  of  stratification,  bitterbrush  distribution,  plant  height,  shape,  and  produc- 
tion can  be  predicted. 

By  recognizing  site  potentials,  constraints,  and  opportunities  at  various  levels 
of  land  stratification,  better  land  management  prescriptions  can  be  developed  in 
future  planning  cycles.   Communication  between  specialists  can  also  be  improved 
because  specialists  relate  to  common  units  of  land  that  have  been  well  described. 
The  result  should  be  more  efficient  bitterbrush  management  in  the  years  ahead. 
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Section  2.  Growth  Performance, 
Phenology,  and  Physiology 
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PERFORMANCE  COMPARISON  AMONG  POPULATIONS  OF  BITTERBRUSH,  CLIFFROSE, 
AND  BITTERBRUSH-CLIFFROSE  CROSSES  ON  STUDY  SITES  THROUGHOUT  UTAH^- 

2 
James  N.  Davis 


ABSTRACT 

Since  the  late  1950s,  259  accessions  of  bitterbrush, 
cliffrose,  and  bitterbrush-clif f rose  crosses  have  been 
grown  on  many  diverse  pinyon-juniper  sites  throughout 
Utah.   Extensive  plantings  have  helped  to  determine 
where  each  accession  performs  best.   Some  accessions 
perform  well  at  many  locations.   Managers  can  use  these 
accessions  to  meet  a  wide  variety  of  site  characteristics. 
Most  areas  of  the  West  are  represented  by  the  259  accessions. 

INTRODUCTION 
Bitterbrush  (Purshia  tridentata)  [Pursh]  DC)  and  Cliffrose  (Cowania  mexicana  var. 
stansburiana  [Torr.]  Jeps.),  because  of  their  abundance  and  importance  in  the  Western 
United  States,  have  been  the  subject  of  many  studies,  most  of  them  directed  toward 
bitterbrush.   Studies  on  bitterbrush  commonly  involve  nutrition,  palatability ,  germ- 
ination, planting  methods,  genetics,  general  ecology,  management,  production,  nitrogen; 
fixation,  and  the  effects  of  fire,  cold,  soil,  and  moisture  relationships. 

Most  research  has  only  hinted  at  the  possible  usefulness  of  the  abundant  genetic  \ 
variation  within  or  between  populations  of  bitterbrush  and  cliffrose.   To  meet  the 
needs  of  a  wide  variety  of  site  and  management  problems,  selection  of  divergent 
natural  forms  should  be  pursued. 

Antelope  bitterbrush  in  Idaho  was  found  to  resprout  readily  following  fire  and 
clipping  trials  (Blaisdell  and  Meuggler  1956) .   After  such  treatments  were  initiated 
on  unburned  and  earlier  (1939)  burned-over  areas  there  was  less  than  50  percent  sprout 
ing  on  the  unburned  areas  as  compared  to  75  percent  sprouting  on  the  previously  (1939)i 
burned  site  for  individuals  that  sprout  after  fire.   Further  selection  had  occurred 
on  the  previously  burned  site  for  individuals  that  sprout  after  fire.   Hormay  (1943) 
reported  that  hundreds  of  thousands  of  acres  of  bitterbrush  in  California  had  been  des. 
troyed  by  fire,  and  that  only  two  occurrences  of  sprouting  had  been  observed.   DriscoX 
(1963)  listed  percent  sprouting  of  bitterbrush  on  13  burned  areas  throughout  central 
Oregon.   Percent  sprouting  ranged  from  1  to  80  percent.   He  noted  that  there  appeared 
to  be  little  relationship  between  intensity  of  the  burn  and  the  degree  of  sprouting. 
Nord  (1965)  found  resprouting  of  antelope  bitterbrush  after  burning  or  cutting  to 
occur  infrequently  in  California,  while  desert  bitterbrush  (Purshia  glandulosa  Curran) 
resprouted  frequently.   Billings  (1952)  stated  that  bitterbrush  in  the  western  Great 
Basin  is  permanently  lost  by  fire  due  to  the  fact  that  it  rarely  sprouts.   Within 
some  areas  of  critical  big-game  range,  the  reoccurring  incidences  of  fire  would  be 
very  detrimental.   Therefore,  the  ability  of  bitterbrush  to  resprout  after  fire  would 
be  an  excellent  heritable  characteristic  to  have. 
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Paper  presented  at  the  Bitterbrush  and  Cliffrose  Symposium  in  Salt  Lake  City, 
Utah,  April  13-15,  1982. 

^Wildlife  Biologist  with  the  Utah  Division  of  Wildlife  Resources,  stationed  at 
the  Shrub  Sciences  Laboratory,  Provo,  Utah.   Funding  was  provided  through  Project 
W-82-R  (Job  No.  1)  and  USDA  Forest  Service  Intermountain  Forest  and  Range  Experiment 
Station,  Ogden,  Utah. 
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Many  observers  have  noted  other  variable  characteristics  within  populations  of 
bitterbrush:   seed  dormancy  (Nord  1965);  leaf  color  (Hormay  1943:  Stanton  1959),  growth 
form  and  height  (Hormay  1943;  Stanton  1959;  Plummer  and  others  1968),  stem  layering 
(Nord  1965;  Plummer  and  others  1957),  ability  to  fix  nitrogen  (Klemmedson  and  Feruson 
1969),  and  nutritive  content  (Giunta  and  others  1978).   Wagle  (1958)  reported  wide 
variation  in  growth  of  bitterbrush  ecotypes  in  response  to  latitude,  elevation,  and 
soils.   Stanton  (1959)  found  differences  in  cold  tolerance  between  central  Oregon 
and  northern  California  populations.   With  this  great  amount  of  variation  within  and 
between  species,  managers  must  carefully  consider  which  characteristics  are  best 
suited  for  their  specific  needs  before  seeding  within  a  specific  habitat  type.   Seed 
sources  have  been  shown  to  influence  survival  of  seeded  stands  of  bitterbrush  (Plummer 
and  others  1957) . 

Giunta  and  others  (1978)  summarized  the  following  attributes  that  bitterbrush 
ecotypes  possess  in  varying  degrees:   growth  form,  fire  tolerance,  rate  of  growth, 
period  of  growth,  seed  production,  drought  resistance,  nutritional  qualitites,  heat 
tolerance,  soil  adaptation,  cold  hardiness,  climatic  adaptation,  resistance  to  disease 
or  insect  damage,  palatability  to  game  or  livestock,  evergreen  habit,  vegetative  re- 
production, and  shade  tolerance. 

STUDY  AREAS  AND  METHODS 

Since  the  late  1950 's  the  project  has  evaluated  259  accessions  of  bitterbrush  and 
cliffrose,  with  accessions  originating  from  most  areas  throughout  the  Western  United 
States.   Of  the  259  accessions,  there  were  141  accessions  of  antelope  bitterbrush,  49 
of  cliffrose,  46  of  antelope  bitterbrush-clif f rose,  and  1  of  desert  bitterbrush-ante- 
lope  bitterbrush. 

Species  trials  are  currently  located  throughout  Utah.   However,  special  emphasis 
has  been  placed  on  the  pinyon-juniper  zone  and  adjacent  associated  community  types. 
Table  1  lists  the  sites  with  their  approximate  elevation  and  the  dominant  vegetative 
type.   These  areas  were  selected  to  provide  information  on  species  vigor  and  their  ease 
of  establishment  within  the  diverse  pinyon-juniper  sites  and  on  the  breadth  of  species 
and  accession  adaptation.   Because  most  species  trial  sites  were  not  protected  from 
grazing  animals,  one  cannot  make  fair  or  equitable  comparisons  between  most  charact- 
j eristics  of  the  different  populations.   The  comparisons  in  this  paper  deal  more  spec- 
Ijifically  with  longevity,  vigor,  and  stand  rating  between  populations  of  bitterbrush, 
cliffrose,  and  bitterbrush-clif f rose  crosses. 

When  possible,  performance  ratings  were  made  at  least  once  each  year  the  first  3 
years  after  planting  and  thereafter  at  3  to  5  year  intervals.  Performance  ratings  on 
plants  grown  on  many  sites  began  as  early  as  1956. 

Plot  size  is  variable,  depending  on  how  many  species  or  accessions  (populations) 
were  to  be  planted  on  a  site.   Each  selected  accession  was  randomly  planted  at  least 
twice  on  each  site  in  shallow  furrows  5  to  10  ft  (1.52  to  3.05  m)  long. 

Species  plot  evaluations  included  some  of  the  following  characteristics:   type 
of  planting,  location  of  site,  date  of  planting,  date  of  rating,  species  name,  access- 
"ion  number  (which  included  date  and  area  from  which  the  seed  was  collected),  plot  num- 
ber, number  of  plants,  plant  density  along  the  furrow,  stand  rating,  average  crown  in 
inches,  average  weight  in  grams,  rooted  frequency  along  furrow,  average  percent  util- 
ization, state  of  development,  growth  habit,  type  of  reproduction,  seed  production, 
and  seedling  vigor. 
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Table  1. — List  of  areas  in  a  study  of  bitterbrush,  cliff rose,  and  bitterbrush- 

cliffrose  communities. 


Area 


Name 


Location  and  county 


Elevation  in 
feet  (meters) 


Vegetation  type 


01  Dahl's  Dugway 

02  Rasmusson's 

03  Levan  Dry  Farm 

04  Black  Mountain 


Ephraim  Canyon,  Sanpete   7 
Ephraim  Canyon,  Sanpete   5 


05 


Pioneer  Road 


06 

Fillmore  Dump 

07 

Pinto 

08 

Ellickers 

09 

Brigham  Burn 

10 

Major's  Hillside 

11 

Beaver  Bench 

12 

Jackson  Springs 

13 

Indian  Peaks 

Dry  Farm 

14 

Indian  Peaks 

cleared  area 

15 

Indian  Peaks 

Burn 

16 

Ephraim  Roadcut 

17 

Kamas 

!9 

Lake  Hill 

20 

Orem  Burn 

22 

North  Holden 

24 

Cyclone  Flat 

25 

Alkali  Point 

26 

Peter's  Point 

27 

Huntington 

28 

Fairview  Canyon 

29 

Hobble  Creek 

30 

Manti  Dump 

31 

Majors  Nursery 

32 

Triangle  Mt . 

33 

Indian  Peaks 

34 

Wallsburg 

Levan,  Juab 

Salina  Canyon,  Sevier 


Fillmore,  Millard 

Fillmore,  Millard 
Pinto,  Washington 

Sunimit,  Iron 

Brigham  City,  Box  Elder 

Ephraim  Canyon,  Sanpete 

Beaver,  Beaver 

Gunlock,  Washington 

Indian  Peak  Wildlife 
Management  Area,  Beaver 
Same  as  preceding 

Same  as  preceding 

Ephraim  Canyon,  Sanpete 
Kamas,  Summit 
Ephraim  Canyon,  Sanpete 
Orem,  Utah 

Holden,  Millard 

W.  Blanding,  San  Juan 
E.  Blanding,  San  Juan 
N.  Monticello,  San  Juan 

Huntington,  Emery 

Fairview,  Sanpete 
Springville,  Utah 

S.  Manti,  Sanpete 

Ephraim  Canyon,  Sanpete 
Salina  Canyon,  Sevier 
Indian  Peaks  Wildlife 
Management  Area,  Beaver 
Wallsburg,  Wasatch 
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012) 
859) 
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768) 

951) 
463) 

798) 

164) 
981) 
134) 


5,800  (1,768) 


Mountainbrush 
Pinyon-j  uniper : 
Sagebrush 

Dry  farm:  sagebrush 
Pinyon-j uniper :  sage- 
brush, cheatgrass 
brome 

Pinyon-j uniper :  moun- 
tain brush 
Dry  farm:  sagebrush 
Pinyon-j uniper :  moun- 
tainbrush 

Homestead:  sagebrush, 
pinyon-j uniper 
Sagebrush:  cheatgrass 
brome 

Pinyon-j uniper :  moun- 
tainbrush 

Pinyon-j uniper :  sage- 
brush 

Pinyon-j  uniper :  black- 
brush,  desert  shrub 
Pinyon-j uniper :  sage- 
brush 

Pinyon-j uniper :  sage- 
brush 

Pinyon-j uniper :  sage- 
brush 

Mountainbrush 
Mountainbrush 
Aspen:  fir 

Mountainbrush:  sage- 
brush, grass 
Pinyon-j uniper :  sage- 
brush 

Pinyon-j uniper       : 
Pinyon-j uniper 
Pinyon-j uniper :  sage- 
brush 

Pinyon-j uniper :  sage- 
brush 

Mountainbrush 
Mountainbrush:  sage- 
brush 

Pinyon-j uniper :  sage- 
brush (blacksage) 
Mountain  brush 
Pinyon-j  uniper 
Pinyon-j  uniper 


■' 


iit( 


-:ei 
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Sagebrush:  cheatgrass 
brome 
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Table  1, — (Continued) 


East  Manti 
Manti  Sheep 
Trail 
Rabbit  Gulch 


Manti,  Sanpete 
Manti,  Sanpete 

E.  Duchesne,  Duchesne 


John  August  Lake  John  August  Lake, 

Sanpete 
Tobin  Bench      Veyo,  Washington 


West  Cedar  City   Cedar  City,  Iron 
Wingate  Mesa     Fry  Canyon,  San  Juan 
Gunnison,  Sanpete 
Marysvale,  Piute 
W.  Ephraim,  Sanpete 


Gunnison 
Marysvale 
Rulon 
Mortenson' s 
Taylor  Flat 


5,900 

:i,798) 

Sagebrush 

6,000 

:i,829) 

Pinyon-j uniper :  cheat 
grass  brome 

6,300 

:i,920) 

Pinyon-j uniper :  sage- 
brush 

10,300  ( 

:3,139) 

Sub  Alpine 

4,500  ( 

:i,372) 

Blackbrush:  pinyon- 
juniper,  desert  shrub 

5,700  ( 

:i,737) 

Sagebrush:  greesewood 

6,900  ( 

:2,103) 

Pinyon-j  uniper 

5,200  ( 

:i,585) 

Shadscale:  saltdesert 

6,000  ( 

;i,829) 

Pinyon-j  uniper 

5,700  ( 

:i,737) 

Greasewood:  saltbush 

Browns  Park,  Daggett 


5,800 


Santa  Clara 
Bald  Mountain 
Nephi  Canyon 

Big  Buck 

Omans 

College  Farm 
Millville 

Mona 


Santa  Clara,  Washington   3,000 


Ephraim,  Sanpete 
Nephi,  Juab 

Dutch  John,  Daggett 

Gordon  Creek,  Carbon 

Ephraim,  Sanpete 
Millville,  Cache 


5,700 
5,600 

6,600 

7,200 

5,600 
5,000 

5,800 


Mona,  Juab 

Henry  Mountains   Henry  Mountains,  Garf ield7 , 600 
Deer  and  cattle  out 

Henry  Mountain   Henry  Mountains,  Garf ield7 , 600 
Cattle  out-deer  in 


)0   Chevron  Chemical' Vernal,  Uintah 

)1   Springville      Springville,  Utah 
)2   Pretty  Valley    N.  Manti,  Sanpete 


6,600 

4,600 
6,400 


1,768)     Pinyon-j uniper :  sage- 
brush 
914)      Desert  shrub 
1,737)     Pinyon-j uniper 
1,707)     Pinyon-j uniper :  moun- 

tainbrush 
2,012)     Pinyon-j uniper :  sage- 
brush, bitterbrush 
2,195)     Sagebrush,  pinyon- 

juniper 
1,707)     Sagebrush:  grass 
1,524)    Mountainbrush,  sage- 
brush 
1,768)     Sagebrush:  grass 
2,316)     Pinyon-j uniper 

2,316)     Pinyon-j uniper 

2,012)     Pinyon-j uniper :  black 

sagebrush  grass 
1,402)     Sagebrush:  grass 
1,951)     Pinyon-j uniper: 
mountainbrush 


''Site  numbers  not  listed  are  "out". 

'    A  computer  program  helped  organize,  analyze,  and  summarize  the  large  amounts  of 
jata.   A  synthetic  index  value  was  determined  by  selecting  the  best  performing 
iccession  on  each  site.   This  was  done  by  comparing  the  average  stand  value  for  each 
iccession  and  giving  8  points  for  the  best  performing  accession  and  as  low  as  1  point 
or  the  poorest  "best  of  eight"  accessions.   Average  rank  value  was  then  calculated 
maximum  rank  value  would  be  8.0).   To  determine  which  accessions  exhibited  the  best 
iverall  rating  on  the  most  sites  within  the  state,  the  average  rank  value  was  summed 
'ith  the  total  number  of  sites  on  which  it  was  one  of  the  best  eight  performing  acces- 
ions.   This  summed  value  is  the  index  value.   The  best  overall  performing  accessions 
■howed  the  highest  index  value. 

The  selection  of  the  best  performing  accessions,  as  determined  by  computer  analy- 
is,  is  shown  in  table  2.  Accessions  with  the  largest  index  values  are  considered  the 
est.   Only  the  "five"  best  performing  accessions  were  used  in  the  table.   Other  terms 
ised  in  table  2  include  vigor,  longevity,  stand,  and  rank. 
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Table  2. — The  best  performing  accessions  of  bitterbrush 

,  cliff 

rose,  and 

bitterbr 

ush- 

cli 

ffrose  crosses 

Species            / 

^.ccession  Accession 
number    origination 

Average 

Rank 

Stand 

Longevity 

Vigor 

Index 

Cliffrose 

U 

9 

Pioneer  Rd .  UT 

7.5 

6.8 

15.2 

6.8 

24.5 

U 

20 

American  Fork,  UT 

6.3 

5.4 

9.7 

7.0 

16.3 

U 

16 

Orem,  UT 

5.8 

4.7 

8.4 

7.0 

13.7 

U 

22 

Central,  UT 

7.0 

6.2 

8.1 

5.5 

13.0 

U 

1 

Oak  Creek,  UT 

7.0 

7.0 

10.0 

5.5 

12.0 

Desert  bitterbrush 

u 

2 

Moody  Creek,  UT 

6.9 

6.3 

13.2 

6.3 

25.9 

u 

5 

George  Creek,  CA 

7.1 

5.9 

12.2 

NR--- 

21.1 

u 

4 

McMurray  Meadows,  CA 

6.8 

7.0 

9.5 

7.0 

11.8 

u 

8 

Pioche,  NV 

6.7 

6.8 

10.2 

3.0 

9.6 

u 

6 

White  Mountain 
Inyo  Co,  CA 

8.0 

4.5 

20.0 

6.0 

9.0 

Desert  bitterbrush  X 

antelope  bitterbrush 

u 

1 

Benton  Station,  CA. 

7.8 

6.2 

7.0 

6.9 

11.8 

Desert  bitterbrush  X 

cliffrose 

u 

5 

Snow  Canyon,  UT 

8.0 

6.0 

4.0 

5.0 

9.0 

u 

3 

Delmar  Pass,  NV 

8.0 

3.7 

12.0 

4.0 

9.0 

u 

4 

Slaughter  Creek 
Utah 

8.0 

2.0 

3.0 

6.0 

9.0 

Antelope  bitterbrush 

u 

31 

Fountain  Green,  UT 

5.9 

5.6 

11.4 

6.2 

31.8 

u 

3 

Starvation  Can.,  UT 

5.6 

5.1 

8.4 

NR 

19.6 

u 

28 

Mt.  Pleasant,  UT 

5.8 

5.9 

8.8 

6.9 

17.1 

u 

14 

Salt  Lake  Co . ,  UT 

7.1 

6.2 

7.4 

6.0 

12.5 

u 

50 

Spring  City,  UT 

6.5 

6.4 

18.0 

6.5 

11.8 

Antelope  bitterbrush 

X 

cliffrose 

u 

10 

S.  Mt.  Pleasant,  UT 

5.9 

6.6 

10.1 

6.0 

14.9 

u 

16 

Mt.  Dell  Res.,  UT 

4.5 

4.7 

16.4 

6.7 

12.5 

u 

11 

Fountain  Green,  UT 

7.2 

7.3 

25.2 

4.5 

12.2 

u 

21 

N.  Mt.  Pleasant,  UT 

6.5 

3.6 

10.9 

4.0 

10.5 

u 

27 

Enterprise,  UT 

6.3 

4.6 

6.5 

6.2 

10.3 

'«NR=  No  record,  the  project  did  not  use  vigor  ratings  until  early  1970 's. 

Vigor  is  a  subjective  measurement  or  expression  on  a  plant's  appearance  and  how 
actively  healthy  and  well  balanced  plant  growth  is.   This  is  an  average  value  for  all 
sites  it  was  grown  on.   The  maximum  value  is  10.   As  subjective  as  this  measurement  li\ 
it  has  been  found  to  be  very  reflective  of  plant  performance  and  found  to  be  quite 
consistent  among  those  who  rate  the  species  plots. 

Longevity  is  the  number  of  years  the  accession  has  grown  on  a  specific  site  since 
the  initial  planting.   This  again  is  an  average  value  for  all  sites  on  which  it  has 
been  grown. 
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stand  is  a  combined  value  of  percent  cover  (value  of  1-5)  and  plant  distribution 
along  the  furrow  (value  of  1-5).   Because  it  is  the  only  measurement  that  has  consis- 
tently been  used  in  rating  species  performance  since  the  beginning  of  the  project  it  is 
the  best  measurement  that  can  be  used  to  help  determine  which  rank  value  each  access- 
ion has.   The  maximum  value  for  stand  is  10. 

Rank  is  an  average  value  of  how  well  each  accession  performed  when  compared  with 
the  other  accessions  for  a  given  species  on  a  site-f or-site  basis.   Maximum  value 
attainable  is  8.   Some  species  within  table  2  do  not  list  the  five  best  accessions, 
because  either  there  were  not  five  accessions  collected  for  a  specific  species,  or  the 
minimum  parameters  selected  on  the  computer  program  were  too  stringent.   Accessions 
having  values  less  than  3  for  vigor  and  3  years  longevity  were  dropped. 

Most  of  the  accessions  were  collected  by  private  seed  collectors  for  reasons  that 
were  not  necessarily  connected  to  the  selection  of  characteristics  that  this  project 
would  have  looked  for,  but  were  characteristics  the  seed  collectors  chose.   In  most 
instances  seeds  were  collected  from  stands  producing  large  amounts  of  seed  that  were 
easy  to  collect.   Most  such  stands  were  usually  composed  of  plants  3  ft  (.91  m)or 
more  in  height,  with  an  upright  growth  habit.   Large  amounts  of  seed  would  indirectly 
indicate  good  vigor,  while  an  upright  growth  form  would  make  it  more  useful  in  most 
situations  for  revegetation  of  deer  winter  range. 

An  additional  study  was  initiated  in  1980  at  a  nearby  protected  "common  garden" 
with  over  50  selected  accessions  of  bitterbrush,  cliffrose,  and  bitterbrush-clif f rose 
crosses  to  help  in  better  determining  differences  in  morphological,  phenological,  and 
genetic  characteristics. 

I  RESULTS  AND  DISCUSSION 

Accession  U9  had  the  best  cliffrose  index  value  (table  2).   Accessions  U20,  U16 , 
U22,  and  Ul  were  grouped  closely  together  near  the  U9  index  value.   All  these  access- 
ions are  similar  morphologically  except  that  some  appear  to  grow  on  more  sites  than 
others  as  indicated  by  their  respective  index  values. 

Desert  bitterbrush  accessions  U2  and  U5  were  by  far  the  best  performing  popula- 
tions (table  2) .   Both  are  high  elevation  ecotypes  that  come  from  the  most  northerly 
[Populations  of  desert  bitterbrush  in  Utah  and  California.   The  next  three  accessions 
(U4,  U8,  and  U6)  have  somewhat  lower  index  values  as  a  group. 

Only  one  accession  (Ul)  of  desert  bitterbrush  crossed  with  antelope  bitterbrush 
has  been  collected  and  grown.   However,  Ul  has  good  values  for  stand  and  vigor  (table 
2).   It  is  from  within  the  area  where  the  most  northerly  populations  of  desert  bitter- 
brush occur  in  northeastern  California. 

Only  seven  accessions  of  the  desert  bitterbrush  crossed  with  cliffrose  were  grown 
on  species  trial  plots.   Of  these  seven,  only  three  showed  very  much  promise,  and  of 
these  only  accession  U5  from  Snow  Canyon  had  an  acceptable  stand  rating  (table  2) . 

Antelope  bitterbrush  accession  U31  (table  2)  was  by  far  the  best  performing  pop- 
ulation (index  value  31.8).   Technically,  it  was  in  a  class  by  itself.   It  is  a  large, 
upright,  robust  plant.   On  the  native  site,  it  is  on  the  average  6  to  8  ft  (1.83  m- 
2.44  m)  high  and  with  a  crown  of  6  or  more  ft  (1.83  m) .   Seed  was  collected  from  the 
original  source  and  planted  on  a  site  near  the  mouth  of  Hobble  Creek  Canyon  to  help 
develop  a  more  dependable  seed  source  for  this  accession.   There,  it  has  shown  another 
good  characteristic  that  is  not  evident  on  the  native  site.   Whenever  a  stem  or  branch 
touches  the  ground  it  aggressively  develops  roots.   The  other  accessions  are  grouped 
closely  together  with  index  values  ranging  from  19.6  to  11.8.   All  five  of  these  acc- 
Bssions  have  very  similar  stand  vigor  ratings. 

The  antelope  bitterbrush  crossed  with  cliffrose  accessions  all  have  index  values 
3f  almost  the  same  magnitude  (table  2) .   They  were  grouped  so  closely  it  is  difficult 
to  determine  which  is  really  "best"  without  first  looking  more  closely  at  stand  and 
v^igor  ratings.   Overall,  it  would  appear  that  UIO  was  the  "best". 

In  summary,  of  all  the  259  accessions  grown  on  sites  in  Utah,  only  24  exhibit 
?ood  enough  rank,  stand,  vigor,  and  index  values  to  be  of  use  when  planted  within 
-he  extensive  pinyon-juniper  type. 
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SURVIVAL  AND  GROWTH  OF  APACHE-PLUME,  STANSBURY  CLIFFROSE,  AND  SELECTED 

SOURCES  OF  ANTELOPE  BITTERBRUSH  IN  NORTHEAST  OREGON 

2 
Paul  J.  Edgerton,  J.  Michael  Geist,  and  Wayne  G.  Williams 

ABSTRACT 

Performance  of  transplants  from  single  geographic 
sources  of  Apache-plume  and  cliffrose  and  eight 
sources  of  antelope  bitterbrush  were  evaluated  for  6 
years  in  a  uniform  garden  on  shrub-steppe  rangeland. 
Growth  and  survival  of  most  shrubs  was  good.   A 
bitterbrush  source  from  a  forest  ecotype  was  preferred 
by  insects  and  suffered  76  percent  mortality  after  three 
seasons  of  defoliation. 


INTRODUCTION 

o 

Antelope  bitterbrush  (Purshia  tridentata  [Pursh]  DC.)   occurs  in  a  wide  array 
of  environments  throughout  interior  western  North  America.   Adaptation  to 
environmental  features  such  as  soils,  climate,  fire,  and  insects  has  resulted  in 
ecotypes  differing  in  morphology,  growth  form,  palatability ,  fire  tolerance,  drought 
resistance,  and  other  characteristics  (Alderfer  1977;  Guinta  and  others  1978; 
iMonsen  and  Christensen  1975;  Nord  1965).   Knowledge  of  these  attributes  is  needed 
i  for  selecting  plant  materials  for  particular  environments  in  range  improvement 
projects  as  well  as  for  genetic  development  of  superior  shrubs. 

I     Plant  materials  for  improving  wildlife  forage  and  cover  are  being  evaluated  in 
a  uniform  garden  on  the  Keating  mule  deer  winter  range  in  Baker  County,  Oreg.   The 
comparatively  harsh  environment  of  the  garden  is  characteristic  of  many  similar 
depleted  shrub-steppe  ranges  that  could  benefit  from  range  rehabilitation.   Some 
promising  species  may  be  selected  by  land  managers  for  operational  projects.   Most, 
however,  will  be  evaluated  further  in  outplantings  representing  a  range  of  growing 
conditions . 


Paper  presented  at  the  Bitterbrush  and  Cliffrose  Symposium,  Salt  Lake  City,  UT, 
April  13-15,  1982. 

Supervisory  Wildlife  Research  Biologist,  Principal  Research  Soil  Scientist,  and 
Range  Research  Technician,  Pacific  Northwest  Forest  and  Range  Experiment  Station, 
Portland,  OR  97232.   The  senior  author  is  located  at  the  Forestry  Sciences  Laboratory, 
Wenatchee,  WA  98801;  the  junior  authors  at  the  Range  and  Wildlife  Habitat  Laboratory, 
La  Grande,  OR  97850. 

^Sources  for  scientific  and  common  names  of  plants  are  Garrison  and  others 
(1976),  Holmgren  and  Reveal  (1966),  and  Plummer  and  others  (1977). 
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This  paper  summarizes  6  years  of  Keating  garden  data  on  the  survival  and 
performance  of  transplants  of  eight  geographic  sources  of  antelope  bitterbrush  and 
single  sources  of  Stansbury  cliffrose  (Cowania  mexicana  stansburiana  [Torr.]  Jeps.) 
and  Apache-plume  (Fallugia  paradoxa  [d.  DonjEndl. ) • 

STUDY  AREA 

The  garden  is  on  land  administered  by  the  Bureau  of  Land  Management  30  miles 
(48  km)  east  of  Baker,  Oreg.   It  lies  on  gently  rolling  benchland  above  the  Powder 
River  canyon  at  an  elevation  of  approximately  3,200  ft  (980  m) .   Annual  precipitation 
is  12  inches  (300  mm) ,  occurring  mainly  as  winter  snow.   Intermittent  spring  and  fall 
rains  may  also  provide  significant  moisture,  but  the  summers  are  droughty  as  is 
characteristic  of  the  Pacific  Northwest.   Temperature  extremes  may  reach  -30°  F 
(-35°  C)  in  the  winter  and  100°  F  (38°  C)  during  the  summer;  the  frost-free  growing 
season  is  estimated  to  be  145  days. 

Soils  are  moderately  deep  and  of  granitic  origin.  They  have  been  tentatively 
classified  as  fine,  montmorillonitic,  raesic,  Calcic  Argixerolls  of  the  Brownscombe 
series. 

Plant  communities  of  the  Keating  range  reflect  past  disturbance  by  fire, 
grazing,  abandoned  farming,  and  most  recently,  extensive  grass  seeding.   The  garden 
is  in  a  portion  of  a  standard  crested  wheatgrass  (Agropyron  desertorum  Schult.) 
seeding  that  was  fenced  to  exclude  deer  and  livestock.   Surrounding  communities  are 
characterized  by  basin  big  sagebrush  (Artemisia  tridentata  tridentata  Nutt.), 
rabbitbrush  (Chrysothamnus  spp.  Nutt.),  cheatgrass  brome  (Bromus  tectorum  L.), 
medusahead  wildrye  (Elymus  caput-medusae  L.).  Sandberg's  gluegrass  (Poa  sandbergii 
Vasey) ,  numerous  annual  and  biennial  forbs,  and  scattered  occurrences  of  bearded 
bluebunch  wheatgrass  (Agropyron  spicatum  [Pursh]  Scribn.  and  Smith) .   Local  ranchers 
and  land  managers  suggest  that  antelope  bitterbrush  was  once  an  important  component 
of  some  communities.   Scattered,  heavily  browsed  bitterbrush  shrubs  now  occur  only 
in  the  steep,  rocky  canyon  below  the  garden. 

METHODS 

Description  of  Shrub  Sources 

The  sources  of  shrubs  included  in  the  garden  are  briefly  described  in  table  1. 
Those  of  antelope  bitterbrush  represented  an  array  of  contrasting  environments  and 
ecotypes  found  in  the  Pacific  Northwest. 

The  Janesville  source  is  a  vigorous,  erect  ecotype  occurring  on  an  area  with 
sandy,  granitic  alluvial  soils  in  northeastern  California.   It  was  included  because 
plantings  in  Utah  and  Idaho  have  shown  superior  growth  over  other  sources  (Monsen 
and  Christensen  1975). 

Boise  Basin,  Garden  Valley,  and  Fort  Hall  sources  are  from  Idaho  seed 
collections.   The  Boise  Basin  source  is  a  decumbent,  spreading  ecotype  on  the 
granitic  cobble  of  dredge  piles  north  of  Boise.   The  Garden  Valley  source  is  an 
erect  ecotype  on  coarse,  granitic  soils  also  north  of  Boise.   The  Fort  Hall  source  is 
a  semierect  form  growing  on  alluvial  materials  in  the  Snake  River  drainage  north  of 
Pocatello,  Idaho. 
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Table  1. — Descriptions  of  seed  sources  of  antelope  bxtterbrush,  Stansbury  cliffrose,  and  Apache-plume 
evaluated  in  the  Keating  uniform  garden,  Oregon 


Species  source 


Elevation 


Precipitation 


Frost-free 
period 


Soils 


Growth  habit 


Days 


Antelope  bitterbrush: 


Janesville,  CA 

1,312 

Boise  Basin,  ID 

1,220 

Fort  Hall,  ID 

1,220 

Garden  Valley,  ID 

1,098 

Hat  Rock,  OR 

107 

Keating,  OR 

793 

Pringle  Falls,  OR 

1,312 

Warner  Mtn. ,  OR 

1,830 

Cliffrose: 

American  Fork,  UT 

1,281 

Apache-plume: 

Richfield,  UT 

1,616 

254 
762 
432 
508 
203 
305 
508 
508 


381 


330 


120 

Granitic 

Erect 

75 

Granitic 

Decumbent 

120 

Alluvial 

Semi-erect 

90 

Granitic 

Erect 

170 

Lacustrine 

Erect 

145 

Granitic 

Erect 

<20 

Pumiceous 

Decumbent 

<100 

Basaltic 

Decumbent 

120 


100 


Sedimentary 


Sedimentary 


Erect 


Erect 


The  Oregon  sources  have  the  greatest  environmental  contrasts  in  the  group o   The 
Hat  Rock  source  is  a  vigorous,  erect  ecotype  growing  on  sandy  soils  deposited  over 
basalt  adjacent  to  the  Columbia  River  near  Hermiston.   This  source  is  the  lowest  in 
elevation  and  has  the  hottest,  driest,  and  longest  growing  season.   The  local  Keating 
source  was  collected  from  shrubs  in  the  rocky  bluffs  along  the  Powder  River  below 
the  garden.   It  also  represents  an  ecotype  that  developed  in  a  harsh,  dry  environment 
jith  warm  growing  seasons o   In  contrast,  the  Pringle  Falls  source  represents  the 
Dther  climatic  extreme  for  antelope  bitterbrush.   This  fine-leafed,  decumbent  ecotype 
Dccurs  in  dense  stands  exceeding  8,000  shrubs  per  acre  (19,760/ha)  (Edgerton,  this 
symposium)  that  dominate  the  understory  of  extensive  lodgepole  pine  (Pinus  contorta 
Dougl^  ex  Loud„)  communities  in  the  pumice  region  of  central  Oregon.   Light  and 
jLemperature  appear  to  limit  growth  more  than  moisture  availability;  frosts  are  common 
luring  the  growing  season .   The  Warner  Mountains  source  of  south-central  Oregon  and 
'ih.e   Pringle  Falls  source  are  similar  in  morphology.   However,  the  Warner  Mountains 
shrubs  developed  on  basalt-derived  soils  without  a  tree  overstory  and  represent  the 
lighest  elevation  ecotype  studied  in  the  garden. 


j     Neither  Stansbury  cliffrose  nor  Apache-plume  are  native  to  the  Pacific  Northwest. 
5oth,  however,  have  grown  well  in  southern  Idaho  plantations.   There  is  value  in 
ietermining  the  amplitude  of  adaptability  of  these  promising  shrubs  outside  their 
lative  ranges.   Their  inclusion  in  plantings  on  depleted  ranges  could  potentially 
Increase  the  diversity  of  forage  and  cover  available  to  wintering  wildlife.   Single 
Jtah  sources  of  each  species  were  included  in  the  uniform  garden. 


i\ 


Planting 

In  April  1976  at  three  Keating  garden  locations,  10  shrubs  of  each  source  were 
■.ransplanted  in  rows  in  a  6-ft  ( 1 . 8-m)  spacing  (total  of  30  shrubs  of  each  source). 
'ix  of  the  bitterbrush  sources  and  the  cliffrose  and  Apache-plume  shrubs  were 
i-month-old  container  seedlings  grown  in  a  greenhouse.   Fort  Hall  and  Garden  Valley 
'itterbrush  sources  were  1/0  bareroot  nursery  stock.   The  estimated  average  seedling 
eight  at  planting  was  3  inches  (8  cm). 

Competing  vegetation  was  removed  by  a  disc  plow  prior  to  planting.   Hand 
lanting  was  accomplished  using  both  planting  bars  and  spades. 
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Garden  Maintenance 

Competing  vegetation  adjacent  to  the  shrubs  was  removed  twice  each  growing 
season  by  mechanical  cultivation,  primarily  to  provide  uniform  growing  conditions 
for  performance  comparisons.   The  shrubs  received  neither  fertilizer  nor 
supplemental  water. 

The  fence  surrounding  the  garden  protected  the  shrubs  from  deer  and  livestock 
browsing.   Mice,  rabbits,  and  gophers  foraged  on  a  few  shrubs.   Grasshoppers  were 
present  each  growing  season,  with  unusually  high  populations  in  1977,  1978,  and  1979, 
No  insect  control  measures  were  used  either  within  the  garden  or  on  the  surrounding 
rangelando 

Measurements 

Survival  and  performance  of  each  transplanted  shrub  was  assessed  each  year  at 
the  close  of  the  growing  season  in  September.   We  counted  surviving  plants  and 
measured  maximum  height  and  crown  spread.   Total  aboveground  biomass  was  determined 
using  a  modification  of  the  weight  estimate  technique  of  Pechanec  and  Pickford 
(1937);  prior  to  data  collection,  technicians  trained  themselves  to  accurately 
estimate  the  individual  shrub  weights  by  clipping  and  weighing  different  sizes  of 
branches . 

Measurements  were  recorded  in  metric  units  and  are  so  presented  in  this  paper. 
We  estimated  relative  vigor,  flower  and  fruit  production,  and  insect  occurrence  and 
damage . 

RESULTS 

Tables  2,  3,  and  4  summarize  growth  of  shrubs  during  the  first  six  growing 
seasons  as  reflected  by  measurements  of  average  maximum  height,  average  maximum 
crownspread,  and  average  aboveground  biomass. 

Table  2. — Height  of  antelope  bitterbrush,  Stansbury  cllffrose,  and  Apache-plume  shrubs  in  the  Keating 
uniform  garden,  Oregon 

Mean  maximum  height  ±  95  percent  confidence  interval 


Species  and  source 


1976 


1977 


1978 


1979 


1980 


1981 


Antelope  bitterbrush: 

Janesville,  CA 
Boise  Basin,  ID 
Fort  Hall,  ID 
Garden  Valley,  ID 
Hat  Rock,  OR 
Keating,  OR 
Pringle  Falls,  OR 
Warner  Mtn. ,  OR 

All  bitterbrush 

Cliff rose: 


26  ±  2 

44  ±  2 

72  ±  3 

76  ±  3 

80  ±  3 

88  ±  4 

24  ±  2 

41  ±  3 

65  ±  3 

69  ±  3 

72  ±  3 

76  ±  3 

20  ±  7 

31  ±  6 

51  ±  6 

50  ±  7 

55  +  5 

61  +  3 

21  ±  3 

38  ±  3 

64  ±  4 

67  ±  4 

72  ±  4 

78  ±  5 

24  ±  3 

40  ±  4 

69  ±  5 

71  ±  5 

74  ±  5 

83  +  6 

25  ±  2 

42  ±  4 

67  ±  3 

69  ±  3 

72  ±  3 

78  ±  3 

19  ±  3 
22  ±  3 


23 


34  +  3 
36  ±  4 


38 


58  ±  4 
64  ±  4 


64 


52  ±  4 
65  ±  4 


65 


43  ±  14 
62+4 


66 


47  ±  12 
68  +  5 


72 


American  Fork,  UT 
Apache-plume: 
Richfield,  UT 


22  +  2 


47  ±  4 


34  ±  3 


58  ±  4 


61  ±  3 


80  +  6 


64  +  3 


77  ±  4 


65  ±  4 


88  ±  6 


80  ±  5 


103  +  6 
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Table  3. — Crown  spread  of  antelope  bitterbrush,  Stansbury  cliffrose,  and  Apache-plume  shrubs  in  the 
Keating  uniform  garden,  Oregon 


Species  and  source 


Mean  maximum  crown  spread  ±  95  percent  confidence  interval 

1976        1977  1978         1979         1980  1981 


Antelope  bitterbrush; 

Janesville,  CA 
Boise  Basin,  ID 
Fort  Hall,  ID 
Garden  Valley,  ID 
Hat  Rock,  OR 
Keating,  OR 
Pringle  Falls,  OR 
Warner  Mtn. ,  OR 

All  bitterbrush 
Cliffrose: 

American  Fork,  UT 
Apache-plume : 

Richfield,  UT 


17  ±  2 

45  ±  4 

88  ±  6 

107  ±  6 

114  ±  6 

127  +  7 

21  ±  2 

57  ±  3 

108  ±  4 

131  ±  4 

130  ±  4 

138  ±  5 

24  ±  11 

58  ±  11 

100  ±  6 

119  ±  9 

118  ±  9 

124  ±  10 

17  +  3 

49  ±  6 

95  +  10 

113  +  9 

124  ±  9 

133  ±  10 

22  ±  5 

61  +  6 

108  ±  7 

128  ±  7 

129  ±  8 

144  ±  9 

25  +  4 

61  +  6 

111  ±  9 

130  ±  7 

132  ±  6 

137  ±  8 

40  ±  6 

70  ±  6 

104  ±  7 

106  ±  7 

93  ±  29 

106  ±  22 

27  ±  5 

59  ±  6 

98  ±  6 

113  ±  7 

110  ±  7 

121  ±  10 

24 


16  ±  3 


38  ±  4 


58 


37  ±  4 


56  ±  4 


102 


66  ±  4 


118 


94  ± 


+  6 


98  ±  6 


119 


80  ±  5 


113 


11 


129 


91  ±  7 


141  ±  11 


Table  4. — Aboveground  biomass  of  antelope  bitterbrush,  Stansbury  cliffrose,  and  Apache-plume  shrubs  in 
the  Keating  uniform  garden,  Oregon 


Species  and  source 


Mean  dry  weight  ±  95  percent  confidence  interval 


1976 


1977 


1978 


1979 


1980 


1981 


Antelope  bitterbrush: 

Janesville,  CA 
Boise  Basin,  ID 
Fort  Hall,  ID 
Garden  Valley,  ID 
Hat  Rock,  OR 
Keating,  OR 
Pringle  Falls,  OR 
Warner  Mtn. ,  OR 

All  bitterbrush 
Cliffrose: 

American  Fork,  UT 
Apache-plume : 

Richfield,  UT 


5 

+ 

1 

5 

+ 

1 

6 

+ 

5 

7 

+ 

3 

8 

+ 

3 

11 

+ 

6 

13 

+ 

6 

6 

+ 

3 

3  +  1 


12  ±  2 


10 


73 

+ 

23 

39 

+ 

22 

69 

+ 

17 

78 

+ 

16 

83 

+ 

18 

81 

+ 

21 

69 

+ 

35 

70 


33 


51 


Grams 


683 

+ 

89 

658 

+ 

83 

326 

+ 

97 

563 

+ 

104 

704 

+ 

143 

805 

+ 

138 

522 

+ 

115 

71 

+ 

130 

604 


394 


78 


824 

+ 

65 

851 

+ 

49 

490 

+ 

80 

847 

+ 

113 

799 

+ 

95 

867 

+ 

81 

164 

+ 

128 

653 

+ 

126 

262  ±   31 


687 


452  ±  43 


497  ±  121 


No  data  were  taken  because  of  grasshopper  defoliation. 

I 
No  data  were  taken. 
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First  Year 

Moisture  conditions  during  the  spring  and  early  summer  of  1976  apparently 
favored  the  establishment  and  growth  of  shrubs.   All  of  the  container  bitterbrush 
transplants  survived  the  first  season.   Fort  Hall  and  Garden  Valley  sources 
experienced  20  and  5  percent  mortality,  respectively,  probably  due  to  preplanting 
condition  of  the  bareroot  transplants. 

Height  and  crown  spread  of  shrubs  tended  to  reflect  characteristics  of  the 
parent  stands.   Janesville  bitterbrush  grew  rapidly  in  height  with  a  relatively 
narrow  crown.   However,  crowns  of  the  decumbent  Pringle  Falls  bitterbrush  source 
were  twice  as  wide  as  high. 


All  of  the  Stansbury  cliff rose  and  Apache-plume  transplants  survived, 
of  Apache-plume  was  exceptional,  averaging  over  40  cm  in  height  (fig.  1). 


Growth 


Figure  1 . --Apache-plume  transplant  after 
one  growing  season  (1976)  in  the  Keati;^ 
uniform  garden,  Oregon. 


Second  Year 

Eastern  Oregon  experienced  near-record  drought  during  the  19  76-77  winter  and 
the  19  77  growing  season,,   Despite  unfavorable  growing  conditions,  mortality  was 
negligible  and  all  shrubs  produced  vigorous  twig  growth.   Average  height  nearly 
doubled  and  increases  in  crown  spread  were  even  greater.   Overall  average  above- 
ground  biomass  of  the  eight  bitterbrush  sources  increased  from  8  g  to  67  g. 


In  early  July  1977,  an  increasing  abundance  of  grasshoppers  was  observed  in  the 
garden  and  on  the  surrounding  rangeland.   By  mid- July  evidence  of  extensive  feeding 
was  noted,  first  on  oldman  vTOrmwood  (Artemisia  abrotanum  L.),  then  on  other  shrubs 
including  honeysuckle  (Lonicera  spp.  L,),  cherry  (Frunus  spp.  L.),  currant  (Ribes 
spp.  L„),  antelope  bitterbrush,  cliffrose,  and  Apache-plume.   On  August  1  flushing 
counts  on  25  circular  plots  (1-m  diameter  each)  systematically  located  across  the 
garden  indicated  an  average  density  of  seven  grasshoppers  per  square  meter.   Genera 
and  species  identified  from  a  partial  collection  included  Aulocara  elliotti  (Thomas! 
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Arphla  pseudonietana  (Thomas),  Melanoplus  sanguinlpes  (F.),  and  Melanoplus  foedus 
foedus  Scudder  or  Mj_  f_j^  fluvlatllis  BrunerT^   Estimates  were  not  made  of  the  number 
of  each  kind  of  grasshopper  nor  the  extent  of  feeding  by  each. 


Table  5  shows  estimates  of  damage  to  leaves  and  bark.   Apparently  the  Pringle 
Falls  bitterbrush  source  was  preferred  over  the  other  sources.   Each  of  the  shrubs 
of  that  source  was  nearly  completely  defoliated  while  feeding  on  other  sources  was 
largely  confined  to  new  growth  near  the  tips  of  twigs  (fig.  2).   Occasional  feeding 
was  noted  on  the  bark  of  small  twigs  of  all  shrubs o 

Table  5. — Grasshopper  damage  to  leaves  and  bark  and  resulting  mortality  of  antelope  bitterbrush, 
Stansbury  cliff rose,  and  Apache-plume  shrubs  in  the  Keating  uniform  garden,  Oregon 


Species  and  Source 


Mean  leaf  area  removed 


Mean  bark  area  removed 


1977 


1978 


1979 


1977 


1978 


1979 


Mortality 
1977-81 


Antelope  bitterbrush: 

Janesville,  CA 

4 

4 

95 

Boise  Basin,  ID 

2 

3 

84 

Fort  Hall,  ID 

18 

10 

99 

Garden  Valley,  ID 

14 

5 

98 

Hat  Rock,  OR 

6 

5 

93 

Keating,  OR 

7 

6 

100 

Pringle  Falls,  OR 

93 

68 

100 

Warner  Mtn. ,  OR 

20 

20 

100 

Cliff rose: 

Percent 


2 

1 

12 

1 

1 

3 

2 

2 

9 

2 

1 

12 

2 

2 

11 

1 

2 

14 

3 

4 

21 

2 

2 

14 

0 
0 
0 
0 
0 
0 
76 
7 


American  Fork,  UT 
Apache-plume : 
Richfield,  UT 


23 


22 


92 


66 


21 


24 


Includes  bark  of  twigs  and  large  stems, 


Figure  2. --Selective  defoliation  of 
antelope  bitterbrush  sources  by  grass- 
hoppers; Pringle  Falls,  Oreg.,  source 
at  left,  Janesville,  Calif.,  source  at 
right. 


"^Identification  by  G.  B.  Hewitt,  Research  Entomologist,  USDA,  SEA,  Rangelana 
Insect  Laboratory,  Bozeman,  MT  59717. 
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Third  Year 

Survival  remained  high  during  19  78.   All  shrubs  continued  vigorous  growth. 
Apache-plume  and  the  Janesville  bitterbrush  source  were  tallest,  as  expected^   Crown 
spread  of  several  bitterbrush  sources  exceeded  1  m. 

,  2 
Grasshoppers  during  mid-  and  late  summer  reached  a  density  of  5/m  in  early 

August.   Again  they  fed  most  heavily  on  the  Pringle  Falls  bitterbrush  source,  but 

defoliation  was  less  severe  than  in  1977. 

Fourth  Year 

During  the  1979  growing  season  grasshoppers  were  responsible  for  considerable 
damage  to  range  forage  and  agricultural  crops  throughout  much  of  eastern  Oregon. 
Grasshopper  density  in  the  Keating  garden  exceeded  15/m  .   During  early  and  mid- July 
they  again  fed  on  the  Pringle  Falls  source,  but  as  preferred  forage  became  less 
available  and  insect  maturity  progressed,  feeding  shifted  to  all  of  the  bitterbrush 
sources o   Leaves,  succulent  new  twig  growth,  and  twigs  and  bark  were  devoured 
(table  5). 

Fall  survival  remained  high„   Accurate  growth  measurements  were  difficult 
because  of  the  material  removed  by  grasshoppers.   Accordingly,  both  height  and 
crown  spread  of  most  shrubs  showed  little,  if  any,  growth.   The  Pringle  Falls 
bitterbrush  source,  which  received  3  years  of  heavy  defoliation,  decreased  6  cm  in 
average  maximum  height  from  1978  to  1979 o 

Fifth  and  Sixth  Years 

Grasshopper  populations  were  much  lower  during  the  1980  and  1981  growing 
seasons,  allowing  recovery  of  most  shrubs.   Although  most  shrubs  had  many  dead 
twigs,  only  the  Pringle  Falls  bitterbrush  source  suffered  extensive  mortality  as  the 
result  of  previous  defoliation;  only  7  of  30  shrubs  (23  percent)  survived.   Survival 
of  other  shrubs  exceeded  90  percent  (table  5). 

Growth  during  1980,  the  fifth  season,  showed  the  apparent  effects  of 
defoliation  the  previous  year.   All  bitterbrush  sources  showed  an  average  height 
increase  of  only  1  cm.   Several  sources  decreased  in  height.   Crown  spread  and 
biomass  were  similarly  affected. 

During  1981,  growth  of  most  shrubs  overcame  the  lull  of  1980.   All  bitterbrush 
sources,  Stansbury  cliff rose,  and  Apache-plume  showed  modest  increases  in  height  and 
crown  spread  during  1981.   All  of  the  bitterbrush  sources  and  Apache-plume  also 
produced  both  flowers  and  seeds. 

DISCUSSION  AND  CONCLUSIONS 

The  Keating  garden  is  a  valuable  field  laboratory  for  evaluating  plant  materials 
for  range  rehabilitation.   Surprisingly,  introduced  shrubs  such  as  cliffrose  and 
Apache-plume  plus  most  native  bitterbrush  from  an  array  of  sources  were  established 
and  performed  well  in  the  relatively  harsh  environment  that  included  drought  and 
repeated  insect  attacks  (fig.  3).   Total  height  growth  of  bitterbrush  and  cliffrose 
compares  well  with  that  reported  for  a  cultivated  Utah  planting  (Monsen  and 
Christensen  1975). 
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Figure  3. --Antelope  bitterbrush  sources  in  the  Keating  uniform  garden 
after  six  growing  seasons  (1981).   The  Janesville,  Calif.,  source  is 
at  left,  foreground.   The  seemingly  vacant  center  row  illustrates 
mortality  of  the  Pringle  Falls,  Oreg.,  source  due  to  consecutive 
seasons  of  selective  defoliation  by  grasshoppers. 

Apparently  those  bitterbrush  sources  deserving  further  testing  in  outplantings 
include  Janesville,  Boise  Basin,  Garden  Valley,  Keating,  and  Hat  Rock.   Apache-plume 
and  cllffrose  showed  promise  in  this  study  and  should  also  be  further  evaluatedo 
The  Keating  source  ranked  high  in  all  petformance  measurements.   It  was  clearly 
superior  in  production  of  biomass  in  1978,  a  positive  indication  of  its  capability 
for  rapid  establishment.   This  should  be  considered  an  advantage  in  harsh  rangeland 
environments  where  conditions  favoring  establishment  are  often  of  short  duration, 
Because  of  its  adaptability  to  the  local  environment,  the  Keating  source  remains  the 
most  reliable  choice  for  use  in  revegetation  projects  in  similar  habitats. 

As  expected,  shrubs  in  the  garden  developed  growth  forms  and  other 
characteristics  such  as  leaf  shape  and  color  that  tended  to  reflect  their  parent 
seed  sources.   The  tall,  upright  form  of  progeny  from,  for  instance,  the  Janesville 
source  may  be  of  particular  value  for  ranges  where  improvement  of  cover  or  shelter 
for  wintering  animals  is  an  important  concern.   Decumbent,  layering  forms  are  likely 
to  have  value  in  soil  stabilization. 

To  our  knowledge,  selective  feeding  by  grasshoppers  on  particular  shrub 
ecotypes  is  previously  unreported  in  the  rangeland  and  related  literature.   Most 
studies  report  that  herbaceous  plants  are  the  major  components  of  the  diet. 
Preferences  vary  widely  according  to  the  grasshopper  species,  their  nutritional  needs 
at  different  stages  of  maturity,  and  the  availability  and  maturity  of  forage 
species  (Hewitt  1977) o   It  is  not  unusual,  however,  for  the  diet  to  include  shrubs. 
Allred  (1941)  reported  extensive  damage  to  big  sagebrush  stands  in  Wyoming  and 
Montana.   Holmgren  and  Basile  (1959)  noted  that  grasshoppers  were  a  common  problem 
in  bitterbrush  plantings,  feeding  on  both  seedlings  and  established  shrubs.   They 
found,  as  did  our  study,  that  defoliation  in  consecutive  years  can  result  in 
mortality. 
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In  our  study,  grasshoppers  repeatedly  defoliated  the  Pringle  Falls  source. 
This  ecotype  developed  in  a  cool  forest  environment  where  significant  insect 
buildups  are  infrequent,  and  apparently  it  lacks  the  resistance  present  in  rangeland  ! 
ecotypes  less  vulnerable  to  insect  attack.   Such  results  suggest  that  more 
information  on  insect  forage  preferences  could  have  far-reaching  implications  in 
selection  of  plant  materials  for  range  revegetationo   They  also  underscore  the 
importance  of  evaluating  potential  plant  materials  in  uniform  gardens  and 
outplantings  over  a  period  long  enough  to  afford  a  range  of  environmental 
conditions . 

Plantings  such  as  the  Keating  garden  are  of  value  in  assessing  the  range  of 
adaptability  and  relative  productivity  of  promising  species  and  ecotypes.   They 
also  increase  our  knowledge  of  more  subtle  characteristics,  such  as  insect 
preferences,  which  might  not  be  detected  in  native  stands. 
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PHENOLOGY  AND  GROWTH  HABITS  OF  NINE  ANTELOPE  BITTERBRUSH,  DESERT 
BITTERBRUSH,  STANSBURY  CLIFFROSE,  AND  APACHE-PLUME  ACCESSIONS 

2 
Nancy  L.  Shaw  and  Stephen  B.  Monsen 


ABSTRACT 

Growth  habits,  growth  rates,  phenology,  and  seed 
production  of  antelope  bitterbrush,  desert  bitterbrush, 
Stansbury  cliff rose,  and  Apache-plume  accessions  grown  on 
a  common  garden  are  described.   The  information  aids  in 
the  selection  of  appropriate  management  practices  and 
improved  seed  production  efforts,  and  provides  a  basis 
for  selecting  accessions  for  breeding  programs  or 
revegetation  projects. 

INTRODUCTION 

Extensive  variation  within  many  native  Intermountain  shrub  species  has  evolved 
in  response  to  the  interaction  of  rich  gene  pools  and  diverse  habitats  (Stutz  1974; 
Giunta  and  others  1978).   Accessions  of  important  species  have  been  selected  from 
the  array  of  available  ecotypes  for  inclusion  in  range  revegetation  programs. 
Antelope  bitterbrush  (Purshia  tridentata  [Pursh]  DC.)  was  used  in  early  wildlife 
habitat  restoration  projects  (Hormay  1943;  Holmgren  1954;  Plummer  and  others  1955). 
Specific  accessions  of  this  species  have  also  improved  esthetics  and  reduced  erosion 
on  disturbed  sites  (Tiedemann  and  others  1976;  Monsen  and  Plummer  1978;  Everett 
1980). 

The  related  species  —  cliffrose  (Cowania  mexicana  D.  Don  var.  stansburiana 
[Torr.]  Jeps.),  Apache-plume  (Fallugia  paradoxa  [D.  Don]  Endl.),  and  desert 
bitterbrush  (Purshia  glandulosa  Curran.)  —  have  also  proven  of  value  in 
revegetation  projects  (Blauer  and  others  1975;  Plummer  and  others  1968).   These 
species  are  drought  tolerant  and  are  prime  candidates  for  ornamental  use  on 
nonirrigated  sites.   Palatable  forms  provide  important  winter  forage  for  deer, 
cattle,  and  sheep.   Desert  bitterbrush  and  Apache-plume  are  somewhat  fire  tolerant, 
frequently  resprouting  following  burning.   Apache-plume  is  an  excellent  erosion 
control  plant  for  disturbed  sites  in  dry  areas  as  it  spreads  vegetatively .   All 
three  species  have  potential  for  breeding  programs  as  all  hybridize  with  antelope 
bitterbrush  (Stutz  and  Thomas  1964;  Stutz  1974;  Blauer  and  others  1975). 


Paper  presented  at  Bitterbrush  and  Cliffrose  Symposium,  Salt  Lake  City,  Utah, 
April2l3-15,  1982. 

Botanist  and  Botanist/Biologist,  USDA  Forest  Service,  Intermountain  Forest  and 
Range  Experiment  Station,  Boise,  Idaho. 
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Trials  in  Utah,  Nevada,  and  Idaho  during  the  past  30  years  have  identified 
important  accessions  of  these  species  and  their  range  of  adaptation,  growth 
characteristics  and  value  in  plantings  (Pluiraner  and  others  1968;  Blauer  and  others 
1975;  Giunta  and  others  1978).   But  additional  knowledge  of  each  species'  floral 
phenology  is  required  if  adequate  supplies  of  commercial  seed  are  to  be  produced  on 
a  regular  basis  (Van  Epps  1974;  McArthur  and  others  1978).   Studies  of  the  floral 
sequence  and  seed  development  of  each  accession  would  provide  data  required  for 
breeding  programs,  management  of  wildland  stands  to  maximize  seed  production  or 
permit  stand  regeneration,  prediction  of  seed  collection  dates,  and  development  of 
technology  required  to  augment  seed  production  under  agricultural  conditions  (West 
and  Wein  1971;  Hopp  and  Blair  1973;  Blauer  and  others  1975;  Giunta  and  others  1978; 
Everett  and  others  1980).   Comparisons  of  even-aged  accessions  of  individual  species 
planted  in  a  common  garden  would  aid  in  the  identification  of  genetic  variation  in 
growth  habits,  timing  of  phenological  stages,  seed  production  capabilities,  and 
susceptibility  of  seeds  to  damage  by  biotic  and  abiotic  factors. 

In  the  present  study,  we  examined  the  growth  habits  and  floral  phenology  of 
five  accessions  of  antelope  bitterbrush,  two  accessions  of  desert  bitterbrush,  and 
one  accession  each  of  Stansbury  cliffrose  and  Apache-plume  that  were  planted  in  a 
common  garden  near  Boise,  Idaho  (table  1).   Native  stands  of  several  of  these 
accessions  have  been  the  subject  of  ecological  studies  (Ferguson  and  others  1963; 
Nord  1965;  Alderfer  1977;  Menke  and  Trlica  1981).   Each  accession  has  been  tested 
extensively  in  selection  trials  and  seeding  projects  in  the  Intermountain  region 
(Plummer  1968;  Monsen  1975;  Giunta  and  others  1978;  Monsen  and  Plummer  1978;  Davis, 
unpubl.  data,  Monsen,  unpubl.  data,  Stevens,  unpubl.  data).   Commercial  seed  dealers 
regularly  collect  large  quantities  of  Stansbury  cliffrose  seed  from  the  Utah  County, 
Utah,  site  and  antelope  bitterbrush  seed  from  the  sites  at  Lassen  County,  Calif.; 
Moffat  County,  Colo.;  and  Ada  County,  Idaho. 

SITE  DESCRIPTION 

The  study  was  conducted  at  the  Boise  Shrub  Garden  approximately  17  miles  (27 
km)  northeast  of  Boise,  Idaho.   The  40  acre  (16-ha)  deer-proof  exclosure  was 
constructed  on  an  east-facing  terrace  of  granitic  colluvium.   Slopes  range  from  8  to 
15  percent.   Soils  are  dark  greyish-brown  or  yellowish-brown  gravelly,  sandy  loams. 

Undisturbed  areas  within  the  exclosure  are  dominated  by  stands  of  mountain  big 
sagebrush  (Artemisia  tridentata  Nutt.  var.  vaseyana  [Rydb.]  B.  Boi.)  and  threetip 
sagebrush  (Artemisia  tripartita  Rydb.).   Scattered  antelope  bitterbrush  shrubs  occur 
throughout  the  site.   Understory  grasses  include  Idaho  fescue  (Festuca  idahoensis 
Elmer),  squirreltail  (Sitanion  hystrix  Nutt.),  and  Sandberg's  bluegrass  (Poa 
sandbergii  Vasey) .   Spurred  lupine  (Lupinus  laxif lorus  Dougl.  var.  calcaratus 
[Kell.]  Smith),  hermit  milkvetch  (Astragalus  eremiticus  Sheld.),  and  storksbill 
(Erodium  cicutarium  [L.]  L'Her.)  are  common  forbs. 

Climate  of  the  site  is  semiarid  with  an  11-year  (1970-81)  average  annual 
precipitation  of  17  inches  (43  cm).   Approximately  80  percent  of  the  annual 
precipitation  falls  from  October  through  April.   Most  summer  precipitation  occurs  as 
infrequent,  high  intensity  thundershowers .   Total  precipitation  in  1979  (the  first 
year  of  study)  was  24  percent  below  average  while  1980  precipitation  was  near 
normal.   Seasonal  distribution  of  the  precipitation  was  erratic  during  both  years. 
For  1970  through  1981,  the  frost-free  season  averaged  126  days,  with  average  dates 
of  last  spring  and  first  fall  frosts  May  26  and  October  1. 
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Table  1. — Cliff rose.  Apache-plume,  desert  bitterbrush, and  antelope  bitterbrush 
accessions  grov,m  at  the  Boise,  Idaho,  Shrub  Garden. 


Species 


Seed  source 


Elevation 
Ft 


Annual 
precipi- 
tation 
Inches 


Cowania  mexicana 


stansburiana 

Fallugia  paradoxa 
Purshia  glandulosa 

Purshia 

glandulosa 

Purshia 

tridentata 

Purshia 

tridentata 

Purshia 

tridentata 

Purshia 

tridentata 

Purshia 

tridentata 

Utah  Co. ,  Utah  5,100 
(American  Fork) 

Sevier  Co.,  Utah  (Richfield)  5,300 

Mono  Co.,  Calif.  (Benton  Hot  5,700 
Springs) 

Washington  Co.,  Utah  (Snow  Canyon)3,800 

Lassen  Co.,  Calif.  (Janesville)  4,300 

Moffat  Co.,  Colo.  (Maybelle)  6,300 

Ada  Co.,  Idaho  (Lucky  Peak  Res.)  3,200 

Carbon  Co.,  Utah  (Starvation  7,000 
Canyon) 


Juab  Co.,  Utah  (Eureka) 


6,400 


15.0 

8.3 
5.9 

7.1 
16.9 
11.0 
16.9 
23.2 

15.4 


METHODS  AND  MATERIALS 

Planting 

The  seven  bitterbrush  accessions  were  planted  in  1973,  and  the  cliff rose  and 
Apache-plume  accessions  were  planted  in  1974.   Native  shrubs  were  cleared  from  the 
area  prior  to  planting.   Containerized  seedlings  of  the  antelope  and  desert 
bitterbrush  accessions  and  1-0  bareroot  stock  of  the  cliffrose  and  Apache-plume 
accessions  were  planted  at  8-ft  (2.4-m)  spacings  in  two  replications  of  25  plants 
each^   To  reduce  competition,  each  seedling  was  hand  planted  in  the  center  of  a 
9-ft   (0.8  m  )  "scalp"  from  which  approximately  2  inches  (5  cm)  of  surface  debris 
and  soil,  including  weed  seeds  and  roots,  had  been  removed  (Holmgren  1956).   The 
site  is  mowed  annually  to  control  weeds  and  reduce  the  danger  of  wildfire.   Rodent 
populations  are  controlled  by  baiting. 

Data  Collection 

Five  plants  in  each  of  the  two  replicated  plots  per  species  were  selected  at 
11  random  for  observations  of  leaf  development,  leader  growth,  and  floral  phenology. 
('  These  observations  were  recorded  for  all  nine  accessions  in  1979  and  1980. 
Survival,  height,  crown  spread,  vigor,  and  uniformity  of  the  shrubs  have  been 
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recorded  annually  since  1975.   Incomplete  data  are  available  for  the  desert 
bitterbrush  plots. 

Leader  growth  and  leaf  development  observations  were  followed  annually  with 
tagging  of  10  leaf  fascicles  and  four  terminal  leaders  on  each  marked  shrub. 
Development  of  the  first  new  leaf  in  each  marked  fascicle  was  recorded  from  the 
earliest  date  of  observable  growth  until  the  leaf  reached  its  mature  size  and  was 
fully  expanded.   Length  of  each  marked  terminal  leader  was  recorded  periodically 
throughout  the  growing  season. 

Floral  phenology  was  followed  annually  with  tagging  of  10  flower  buds  on  each 
of  the  marked  shrubs.   Each  bud  was  examined  separately  on  each  observation  date  and 
assigned  a  rating  value  based  on  its  stage  of  development.   The  type  and  extent  of 
any  observed  damage  to  each  flower  or  fruit  were  also  recorded. 

Timing  of  observations  was  dependent  upon  the  rate  of  phenological  development. 
Leaf  development  and  floral  stages  were  recorded  weekly.   Flowering  and  seed 
development  stages  were  observed  biweekly  for  2  to  3  weeks  following  anthesis. 
Leader  growth  was  measured  semimonthly  in  May,  June,  and  early  July  during  the 
period  of  rapid  growth  and  monthly  from  July  through  September  during  decreased 
growth.   Yearly  plant  measurements  and  ratings  were  recorded  in  August. 

Meteorological  data  have  been  collected  since  1971  at  the  USDA  Forest  Service, 
Lucky  Peak  Nursery  approximately  0.5  miles  (8  km)  north  of  the  Shrub  Garden. 
Precipitation,  maximum  and  minimum  temperatures,  wind  speed,  and  wind  direction  are 
recorded. 


RESULTS 

Vegetative  Development 

Growth  rates  and  growth  habits  of  the  nine  accessions  studied  are  reported  in 
table  2.   Of  the  Apache-plume  shrubs,  60  percent  survived  through  the  1981  growing 
season  while  survival  of  each  of  the  remaining  accessions  exceeded  90  percent. 
Attrition  of  the  Apache-plume  accession  appears  to  be  related  to  a  lack  of  cold 
hardiness.   One  or  two  plants  have  succumbed  each  winter  and  six  shrubs  were  lost 
during  the  winter  of  1976-77.   Varying  degrees  of  dieback  and  recovery  of  additional 
Apache-plume  plants  have  been  observed  each  year. 

All  accessions  retained  their  native  growth  habits  and  morphological 
characteristics  when  grown  in  the  common  garden.   Nord  (1965),  Plummer  and  others 
(1968),  and  Giunta  and  others  (1978)  also  found  these  traits  to  be  maintained  for 
antelope  bitterbrush  accessions  grown  on  a  number  of  experimental  plots.   The  growth 
habits  of  individual  accessions  became  apparent  during  the  first  growing  season 
following  planting  as  a  result  of  differential  height  and  crown  growth,  variation  in 
branch  flexibility,  and  the  development  of  additional  basal  stems.   The  Carbon 
County  and  Juab  County,  Utah,  and  Moffat  County,  Colo.,  antelope  bitterbrush 
accessions  are  very  similar  in  growth  habits.   Numerous  basal  branches  grow  in  a 
diffuse  pattern  and  new  leaders  are  initiated  over  the  entire  crown  of  the  shrub. 
The  Lassen  County,  Calif.,  antelope  bitterbrush  exhibits  an  erect  growth  habit  with 
the  crown  developing  from  a  small  number  of  basal  stems  and  new  leader  development 
concentrated  in  the  upper  portion  of  the  plant.   The  growth  habit  of  the  Ada  County, 
Idaho,  antelope  bitterbrush  is  intermediate  between  the  other  two  forms.   The 
Apache-plume  and  Washington  County,  Utah,  desert  bitterbrush  accessions  exhibited 
the  greatest  variation  in  growth  habit,  ranging  from  erect  to  diffuse. 
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Table  2 . --Performance  of  antelope  and  desert  bitterbrush,  Stansbury  cliffrose,  and  Apache-plum  accessions  at  the 
Boise  Shrub  Garden 


Accession 


Survival  (%)— 
(July  1981) 


1/ 


Growth 
habit 


2/ 


Uniformity- 


Layering  Vigoi 

(%  in  1981)      (mean  1975-1981,      (mean  1975-1981, 

PUGL  mean  1979-1981)   PUGL  mean  1979-1981) 


4/ 
COMES- 

Utah  Co. ,  Utah 


94 


Erect 


FAPA 

Sevier  Co. ,  Utah 


60 


Erect-Diffuse 


PUGL 

Mono  Co. ,  Calif. 


96 


Diffuse 


PUGL 

Washington  Co.,  Utah     92 


Erect-Diffuse 


PUTR 

Lassen  Co. ,  Calif . 


96 


Erect 


PUTR 

Moffat  Co. ,  Colo. 

PUTR 

Ada  Co. ,  Idaho 


100 


100 


Diffuse 


Erect-Diffuse 


PUTR 

Carbon  Co. ,  Utah 


100 


Diffuse 


36 


PUTR 

Juab  Co. ,  Utah 


98 


Diffuse 


[J    J.   COMES  and  FAPA  planted  in  1973,  PUGL  and  PUTR  planted  in  1974. 
-r-,  0  =  dead  .  .  .  9  =  high  vigor 

■^,  1  =  growth  form  highly  variable  within  the  plot  ...  9  =  growth  form  uniform  throughout  the  plot. 
—  COMES  -  Stansbury  cliffrose;  PUGL  -  desert  bitterbrush;  FAPA  -  Apache-plume;  PUTR  -  antelope  bitterbrush 


Table  3. — Mean  annual  height  and  crown  measurements  in  inches  of  antelope  and  desert  bitterbrush, 
Stansbury  cliff rose, and  Apache-plume  accessions  at  the  Boise  Shrub  Garden 


Accession 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

y      1 

COMES 

Utah  Co. ,  Utah 

Height 
Crown 

15.7 
18.5 

26.0 
23.6 

39.4 
28.0 

41.7 
35.8 

39.8 
51.6 

45.3 
60.2 

63.0 
63.8 

FAPA 

Sevier  Co. ,  Utah 

Height 
Crown 

15.7 
15.0 

21.7 
27.2 

33.1 

27.2 

30.7 
28.7 

73.6 
33.9 

32.3 
42.5 

38.2 
42.1  . 

PUTR 

Lassen  Co.,  Calif. 

Height 
Crown 

23.6 
25.2 

29.5 
27.6 

37.0 
38.6 

45.7 
45.3 

45.7 
61.8 

48.0 
68.9 

57.5 
64.2 

PUTR 

Moffat  Co. ,  Colo. 

Height 
Crown 

24.4 
39.8 

26.0 
53.1 

30.7 
59.1 

28.3 
50.0 

35.0 
60.2 

32.7 
69.3 

37.0 
71.3 

i     PUTR 

Ada  Co. ,  Idaho 

Height 
Crown 

27.6 
33.5 

28.3 
43.7 

40.6 
53.1 

42.9 
54.3 

42.5 
64.2 

41.7 
75.2 

45.7 
74.8 

PUTR 

Carbon  Co. ,  Utah 

Height 
Crown 

24.4 
32.7 

25.6 
47.2 

26.8 
51.2 

31.1 
53.5 

31.9 
58.3 

35.0 
73.2 

40.9 
77.6 

PUTR 

Juab  Co. ,  Utah 

Height 
Crown 

26.0 
35.4 

31.1 
52.0 

40.6 
59.1 

36.6 
56.3 

41.3 
63.4 

42.5 
73.6 

52.4 
83.5 

1/ 


COMES  -  Stansbury  cliffrose;  FAPA  -  Apache-plume;  PUTR  -  Antelope  bitterbrush 
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Antelope  bitterbrush  accessions  that  form  stem  layers  are  capable  of  spreading 
vegetatively  and  are  not  as  dependent  upon  seed  production  for  stand  maintenance  as 
are  nonlayering  forms.   Layering  forms  are  also  generally  more  fire  tolerant.   The 
spreading  crowns  and  extensive  root  systems  add  stability  to  sandy  soils  and  steep 
slopes.   New  growth  of  these  frequently  low  growing  plants  provides  available  forage 
for  browsing  animals,  although  they  may  be  covered  by  snow  during  winter  and  early 
spring.   Layering  forms  frequently  produce  less  seed  than  upright  forms,  and  seed 
collection  is  more  difficult  and  time  consuming. 

Of  the  nine  accessions  studied,  three  of  the  antelope  bitterbrush  accessions 
exhibited  stem  layering  (table  2).   Of  the  Carbon  County,  Utah,  plants,  36  percent 
formed  stem  layers.   Native  plants  of  this  accession  grow  at  a  high  elevation  site 
with  a  short  growing  season.   Under  such  conditions  the  plants  may  be  dependent  upon 
reproduction  by  vegetative  spread.   Nord  (1965)  observed  that  plants  growing  under 
similar  conditions  in  northern  California  also  produced  numerous  stem  layers. 
Layering  plants  at  Ada  County,  Idaho,  are  most  numerous  on  steep  cliffs  or  road 
cuts.   Layering  frequency  is  greater  for  Moffat  County,  Colo.,  plants  growing  on 
sand  dunes  (Wheeler,  personal  communication). 

Mean  annual  height  and  crown  measurements  for  seven  of  the  accessions  are 
reported  in  table  3.   All  accessions  with  the  exception  of  the  Ada  County,  Idaho, 
and  Lassen  County,  Calif.,  antelope  bitterbrush  accessions  exhibited  slight  to 
moderate  amounts  of  dieback  as  a  result  of  exposure  to  low  temperatures  during  the 
winter  of  1977-78,  although  only  one  Apache-plume  plant  was  lost.   The  affected 
plants  recovered  during  the  succeeding  growing  season.   Development  of  all  plants 
from  1976  through  1979  was  erratic  and  may  have  been  the  result  of  low  temperatures 
during  the  winters  of  1976-77  and  1978-79,  low  precipitation  during  the  1977  drought 
year,  and  low  to  moderate  levels  of  grasshopper  damage  inflicted  in  1978.   More 
rapid  growth  was  recorded  during  the  1980  and  1981  growing  seasons. 

Vegetative  Phenology 

An  understanding  of  the  timing  of  vegetative  development  in  relation  to 
flowering  and  seed  production  for  each  species  is  important  in  terms  of  management 
practices.   Various  management  strategies  and  schedules  may  be  designed  to  maximize 
seed  or  vegetative  production  and  to  control  the  growth  form  or  size  of  the  shrubs. 
Seed  production  and  most  vegetative  growth  of  all  four  species  studied  occur  in  the 
spring  and  early  summer  during   increasing  temperatures  and  decreasing  soil  moisture 
levels.   Timing  of  various  phenological  phases  may  vary  from  year  to  year  depending 
upon  climatic  conditions.   As  a  result,  the  use  of  observable  phenological  stages  is 
preferable  to  the  use  of  prescheduled  dates  in  applying  management  techniques. 

Initial  leaf  growth  of  each  of  the  antelope  bitterbrush  accessions  was  observed 
between  March  17  and  23  in  1979  and  1980  (table  4).   Actual  dates  may  have  been 
slightly  earlier  as  phenophases  were  recorded  only  weekly  or  biweekly.   The  first 
new  leaf  in  most  leaf  fascicles  expanded  and  attained  mature  size  by  mid-April  at 
the  time  flower  buds  were  beginning  to  develop.   Although  the  Moffat  County,  Colo., 
accession  initiated  leaf  growth  slightly  ahead  of  the  others,  differences  in  the 
timing  and  rate  of  leaf  growth  among  accessions  were  minor. 

Leader  growth  of  all  five  antelope  bitterbrush  accessions  was  initiated  during 
the  first  week  of  May  in  1979  and  1980  at  approximately  the  time  when  flower  buds 
began  to  open  (table  5).   The  initiation  of  leaf  and  leader  growth  occurred  later  in 
1979  than  in  1980.   This  pattern  was  observed  in  all  nine  accessions  studied  and  may 
have  resulted  in  response  to  the  cooler  early  spring  temperatures  of  1979.   The  rate    | 
of  leader  growth  remained  low  through  May  and  increased  in  June  and  early  July 
during  fruit  development  and  maturation.   Growth  rates  diminished  in  July  following 
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seed  shatter.   Minimal  leader  growth  occurred  during  late  summer  and  fall.   Leaf 
fall  has  been  observed  for  all  five  antelope  bitterbrush  accessions  in  response  to 
moisture  stress  during  mid-summer. 

Leaf  development  of  the  Stansbury  cliffrose  and  desert  bitterbrush  accessions 
started  between  April  23  and  26  each  year.   Expansion  of  the  first  new  leaf  in  each 
fascicle  was  completed  by  mid-May  in  an  average  of  22  to  24  days.   Leader 
development  of  both  species  followed  a  pattern  similar  to  that  for  bitterbrush.   In 
contrast  to  antelope  bitterbrush,  leaf  fall  during  the  late  summer  months  was 
minimal  for  these  accessions. 

Leaf  growth  of  Apache-plume  started  in  mid-April,  approximately  1  week  earlier 
than  that  of  the  Stansbury  cliffrose  and  desert  bitterbrush  accessions  each  year. 
The  first  leaf  in  each  fascicle  expanded  rapidly  and  reached  mature  size  within 
approximately  16  days  of  the  time  flower  buds  began  to  appear.   Leader  growth  was 
initiated  slightly  in  advance  of  flower  bud  appearance  and  continued  into  August. 

Floral  Phenology 

Antelope  Bitterbrush.   Flowers  of  antelope  bitterbrush  are  regular,  perfect, 
and  perigynous.   They  are  pollinated  by  bees,  wasps,  and  other  insect  species  and 
are  self-incompatible  (Blauer  and  others  1975).   The  flowers  are  approximately  0.3 
inch  (8  mm)  in  diameter  with  showy,  cream-colored  deciduous  petals.   Normally,  there 
is  one  or  occasionally  two  pistils  and  a  single  series  of  approximately  25  stamens. 
The  fruit  is  a  cartilaginous,  pubescent  achene  with  a  persistent  style.   Seeds  are 
purplish-black. 

||     Initiation  and  progression  of  the  flowering  sequence  was  very  similar  for  each 
of  the  five  antelope  bitterbrush  accessions  in  1979  and  in  1980  (tables  4  and  6). 
Floral  buds  appeared  on  all  five  between  April  14  and  21  in  1979  and  between  April  7 
and  14  in  1980.   Bud  formation  may  have  been  delayed  in  1979  relative  to  1980  as  a 
result  of  cooler  temperatures  and  greater  precipitation  during  the  winter  and  early 
spring  of  1979.   However,  rainfall  during  flower  and  fruit  development  totaled  0.7 
inches  (1.8  cm)  in  1979  and  5.0  inches  (12.6  cm)  in  1980.   Seed  of  each  accession 
was  collected  on  July  6  in  1979  and  July  10  in  1980. 

II     Flower  buds  appeared  nearly  simultaneously  on  most  shrubs  within  each 
accession.   The  solitary  flower  buds  develop  at  the  tips  of  short  lateral  spurs  on 
second  year  or  older  wood.   Buds  appeared  slightly  earlier,  and  flowers  and  fruits 
developed  more  rapidly,  on  branches  near  the  ground.   Production  of  flower  buds  was 
somewhat  limited  both  years  as  the  shrubs  had  not  reached  full  maturity.   Bud 
Droduction  was  greatest  and  most  uniform  among  plants  of  the  Moffat  County,  Colo., 
accession  and  most  erratic  for  the  Juab  County,  Utah,  accession.   However,  over  90 
Dercent  of  the  shrubs  in  each  accession  produced  at  least  moderate  numbers  of 
flowers. 

No  consistent  differences  among  accessions  were  observed  in  the  timing  of 
rlowering  or  fruit  development.   On  all  accessions,  flower  buds  developed  and 
remained  closed  for  2  to  3  weeks  before  opening  for  several  days.   Two  nights  of 
jelow-freezing  temperatures  —  28°F  (-2°C)  on  May  28  and  31°F  (-1°C)  on  May  29  ~ 
7ere  recorded  during  or  following  flowering  in  1979  while  none  was  recorded  in  1980. 
lo  frost  damage  to  the  developing  fruit  was  observed. 
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The  period  of  fruit  development  for  the  five  accessions  differed  between  years. 
Fruit  developed  to  maturity  in  42  to  48  days  in  1979  and  in  57  to  60  days  in  1980. 
Duration  of  the  entire  flower  and  fruit  development  ranged  from  74  to  84  days  in 
1979  and  from  87  to  94  days  in  1980.   Blaisdell  (1958)  reported  flowering  and  fruit 
development  of  66  days  for  antelope  bitterbrush  growing  near  Dubois,  Idaho,  at  an 
elevation  of  5,500  ft  (1  676  m)   while  populations  growing  at  elevations  between 
6,122  and  8,963  ft  (1  866  and  2  732  m)  )  in  Cache  la  Poudre  Canyon,  Colo.,  were 
found  to  require  from  102  to  125  days  (Colorado  Game,  Fish,  and  Parks  Dept.  1965). 

A  number  of  insects  are  known  to  damage  or  destroy  the  seed  of  antelope 
bitterbrush  (Ferguson  and  others  1963;  Basile  and  Ferguson  1964;  Basile  and  others 
1964;  Furniss  1975;  Ferguson  1967).   Significant  reduction  in  potential  seed 
production  often  results  from  insect  infestation  (table  6).     Spotted  seeds,  which 
normally  exhibit  reduced  germinability ,  were  counted  with  normal  seeds  during  the 
fruit  development  period  because  they  could  not  be  identified  without  being  removed 
from  the  achene.   Frequently  observed  seed  predators  in  the  area  of  the  Boise  Shrub 
Garden  include  a  gall  midge  (Mayetiola  spp.),  a  gelechiid  (Filatima  sperryi  Clarke), 
thrips  (Frankliniella  spp.)  and  one  or  more  species  of  stink  bugs  (Chlorochroa 
spp.). 

Mature  seeds  dehisce  quickly.   Although  seeds  on  individual  accessions  develop 
very  uniformly,  at  least  small  percentage  of  seeds  generally  ripen  and  are 
disseminated  prior  to  collection.   Of  the  marked  flowers,  38  to  55  percent  were 
producing  normal  or  spotted  achenes  on  June  30,  1980.   Much  of  this  seed  was  lost 
just  prior  to  collection  because  of  high  winds  and  rainstorms.   By  July  10,  1980, 
fully  developed,  mature  seeds  were  collected  from  only  14  to  24  percent  of  the 
originally  marked  flower  buds. 

I     Plantings  of  antelope  bitterbrush  in  seed  orchards  or  common  gardens  may  create 
situations  that  increase  the  susceptibility  of  the  shrubs  to  attack  by  damaging 
insects,  because  dense,  pure  stands  are  available  for  invasion.   Populations  of 
predators  and  parasites  of  seed-damaging  insects  are  limited  by  site  maintenance 
practices  (Van  Epps  and  Furniss  1981).   Inadequate  knowledge  of  the  biology  and 
ecology  of  most  of  these  seed  damaging  species  is  available  to  determine  whether 
:ontrol  practices  can  be  effectively  applied.   Seed  loss  because  of  wind  storms  and 
Insect  damage  emphasizes  the  need  for  careful  selection  of  seed  production  sites  and 
:he  need  for  development  of  appropriate  cultural  techniques  for  each  species. 

Desert  Bitterbrush.   Flowers  of  desert  bitterbrush  are  morphologically  similar 
:o  those  of  antelope  bitterbrush,  but  are  approximately  0.7  to  1.0  inches  (18-25  cm) 
-H  diameter.   They  are  insect-pollinated  and  self-incompatible  (Blauer  and  others 

975).   Flowers  normally  produce  three,  or  sometimes  two,  pistils.   However,  during 
:he  1979  and  1980  seasons,  an  average  of  only  3  percent  of  the  flowers  of  the  Mono 
lounty,  Calif.,  accession  and  22  percent  of  the  flowers  of  the  Washington  County, 
ftah,  accession  produced  two  pistils.   No  flowers  with  three  pistils  were  observed, 
'he  achene  is  slightly  smaller  than  that  of  antelope  bitterbrush  and  has  a  more 

renounced  beak.   Developing  seeds  are  more  yellow-green  and  mature  seeds  more 

eddish-purple  than  those  of  antelope  bitterbrush. 

pi    Flower  buds  originate  at  the  tips  of  spurs  on  second  year  and  older  growth, 
nly  five  shrubs  of  the  California  accession  and  10  of  the  Utah  accession  produced 
ignificant  numbers  of  floral  buds  in  1979.   The  number  of  shrubs  to  produce 
bundant  flowers  has  increased  annually  since  1979,  indicating  that  this  species  may 
e  slower  to  reach  maturity  than  antelope  bitterbrush  at  the  Boise  location.   The 
iming  of  flowering  and  fruit  development  stages  was  similar  for  both  accessions 
table  4)  and  lagged  from  1  to  2  weeks  behind  the  same  stages  for  antelope 
itterbrush.   Flowering  occurred  after  the  last  frost  each  year.   Fruit  development 
anged  from  47  to  51  days  for  the  two  sources  over  the  2  years.   Flowering  and  fruit 
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development  ranged  from  81  to  92  days.   Percentages  of  flowers  to  produce  normal  or 
spotted  mature  seed  for  the  two  accessions  were  quite  low,  ranging  from  32  to  59 
percent.   The  remaining  seeds  were  all  damaged  or  destroyed  by  insects. 

Stansbury  Cliffrose.   Flowers  of  Stansbury  cliffrose  are  regular,  perigynous, 
and  usually  perfect.   They  are  approximately  0.8  inches  (2.0  cm)  in  diameter  with  5 
sepals,  5  petals,  many  stamens  in  2  series  and  4  to  12  pistils.   The  fragrant,  pale 
yellow  flowers  are  insect-pollinated  and  self-incompatible.   The  fruits  are  narrow, 
leathery  achenes  approximately  0.1  inches  (0.3  cm)  in  length  with  long,  white 
plumose  styles.   Approximately  90  percent  of  the  flower  buds  are  produced  during  the 
initial  flowering  period.   Buds  formed  during  this  period  are  borne  on  short  lateral 
spurs  on  second  year  or  older  wood.   Stages  of  flowering  and  seed  development  lagged 
from  2  to  4  weeks  behind  those  of  antelope  bitterbrush  each  year.   Flowering 
occurred  after  the  last  frost  each  year.   Fruit  development  required  approximately 
37  days  each  year.   Flowering  and  fruit  development  was  approximately  68  days  in 
1979  and  78  days  in  1980. 

Shrubs  within  this  accession  exhibited  considerable  variation  in  the  number  of 
flowers  produced  and  seed  maturation  dates.   Achenes  mature  fairly  uniformly  on 
individual  shrubs  from  the  initial  group  of  floral  buds.   However,  variation  in  seed 
maturation  dates  among  shrubs  necessitates  almost  daily  seed  collection  as  mature 
fruits  dehisce  quickly. 

Additional  flower  buds  form  following  initial  flowering  and  throughout  the 
summer,  particularly  following  summer  rains.   These  buds  appear  at  the  tips  of 
leaders  or  spurs  produced  during  the  current  growing  season.   Flowering  at  the  Boise 
Shrub  Garden  has  been  observed  well  into  October. 

The  only  major  type  of  damage  observed  on  fruits  of  this  accession  involved  the 
loss  of  all  achenes  from  a  single  receptacle.   This  was  probably  insect  caused 
because  damage  to  the  receptacle  of  some  of  these  flowers  was  also  observed.   Also, 
the  achenes  of  more  than  one  flower  on  a  branch  were  frequently  removed  while  none 
of  the  flowers  on  nearby  branches  were  affected.   Initial  damage  was  noted  on  June 
15  in  1979  as  flowering  began.   The  percent  of  achenes  lost  by  the  time  of  fruit 
maturation  was  13  percent  in  1979  and  52  percent  in  1980. 

Apache-plume.   The  flowering  habits  of  the  Sevier  County,  Utah,  Apache-plume 
accession  have  been  described  by  Blauer  and  others  (1975).   Although  some  shrubs  are 
dioecious,  a  majority  are  monoecious.   Few  flowers  are  fully  bisexual.   Pistillate 
flowers  bear  rudimentary,  nonfunctional  stamens,  while  staminate  flowers  bear 
rudimentary,  nonfunctional  pistils.   Fruits  are  elongate  achenes  with  plumose  white 
and  purplish  styles. 

Flower  buds  appeared  later  on  Apache-plume  than  on  the  other  species.  Buds  were 
first  observed  on  May  22  in  1979  and  on  May  5  in  1980.   Buds  are  formed  on  elongated 
peduncles  originating  from  vegetative  growth  produced  during  the  current  season. 
They  may  be  formed  on  lateral  leaders,  terminal  leaders,  or  root  sprouts.   Buds  may 
be  solitary  or  several  buds  may  develop  in  a  small  corymb.   Flowering  began  about 
June  5  in  1979  and  May  22  in  1980  following  the  last  frosts  of  both  growing  seasons. 
The  showy,  white  flowers  are  pollinated  by  a  variety  of  Coleoptera  and  Hymenoptera. 
Unlike  bitterbrush  and  Stansbury  cliffrose,  some  Apache-plume  flowers  may  be 
self-compatible  (Blauer  and  others  1975). 

Flower  buds  are  produced  continuously  throughout  the  summer.   Most  buds  develop 
over  about  1  month  following  the  appearance  of  the  earliest  buds.   Consequently,  the 
achenes  do  not  ripen  uniformly.   The  earliest  buds  produced  mature  fruit  by  July  28 
in  1979  and  by  July  30  in  1980.   The  duration  of  the  fruit  development  period  for 
buds  produced  early  in  the  season  was  51  days  in  1979  and  36  days  in  1980.   Flower 
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and  fruit  development  required  67  days  in  1979  and  86  days  in  1980.   Additional 
flowers  were  produced  through  early  October  both  years. 

The  Apache-plume,  desert  bitterbrush,  and  Stansbury  cliffrose  accessions  have 
become  established,  have  developed  to  maturity,  and  have  produced  viable  seed  crops 
at  the  Boise  Shrub  Garden,  which  is  north  of  their  native  ranges.   Plantings  of  each 
species  at  similar  locations  within  15  miles  (33  km)  of  the  Boise  Shrub  Garden  have 
survived  as  long  as  26  years,  although  no  natural  reproduction  has  been  observed. 
An  opportunity  exists  to  extend  the  range  of  use  for  these  species. 

CONCLUSIONS 

The  nine  shrub  accessions  exhibited  characteristic  growth  forms,  cycles  of 
phenological  development  and  levels  of  tolerance  to  environmental  conditions.   The 
wide  range  of  variability  existing  within  the  four  Rosaceous  species  examined 
provides  a  strong  genetic  base  for  breeding  and  selection  programs.   Increased  use 
of  shrubs  in  wildland  revegetation  projects  has  created  a  demand  for  site-adapted 
varieties  exhibiting  desired  characteristics  and  suited  to  current  planting  and 
management  techniques.   Although  numerous  accessions  of  these  species  have  been 
included  in  research  and  site  improvement  plantings,  commercial  varieties  are  not 
yet  available. 

The  five  antelope  bitterbrush  accessions  established  readily  and  exhibited  a 
wide  variation  in  growth  habits  and  seed  production  capabilities,  although  timing  of 
their  phenological  phases  was  quite  similar.   Milder  climatic  conditions  and  a 
relatively  long  frost  free  season  at  the  Boise  Shrub  Garden  compared  to  the  other 
seed  source  locations  may  have  contributed  to  their  success.   The  loss  of  seed  as  a 
result  of  wind  storms  and  insect  damage  serves  to  emphasize  the  need  for  care  in  the 
selection  of  seed  production  sites  and  the  requirement  for  the  development  of 
appropriate  cultural  techniques  for  each  species. 

The  Apache-plume,  desert  bitterbrush,  and  Stansbury  cliffrose  accessions  have 
become  established  and  developed  to  maturity  at  the  Boise  Shrub  Garden,  which  is 
located  north  of  their  native  ranges.   Plantings  of  each  of  these  species  at  similar 
locations  within  15  miles  (9  km)  of  the  Boise  Shrub  Garden  have  survived  for  as  long 
as  26  years,  although  no  natural  reproduction  has  been  observed.   An  opportunity 
exists  to  extend  the  range  of  use  for  these  species. 
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SEED  PHYSIOLOGY  OF  ANTELOPE  BITTERBRUSH  AND  RELATED  SPECIES^ 

2 
James  A.  Young  and  Raymond  A.  Evans 

ABSTRACT 

Dormancy  of  the  seeds  of  antelope  bltterbrush  (Purshia 
tridentata  [Pursh]  DC),  desert  bltterbrush  (P^. 
glandulosa  Curran) ,  and  cliff rose  (Cowanla  mexlcana 
var.  stansburlana  [Torr. ]  Jeps.)  seeds  is  a  major 
factor  limiting  successful  artificial  revegetatlon 
with  these  species.   Dormancy  is  broken  under  natural 
conditions  by  cool-moist  stratification.   To  enhance 
germination  before  artificially  seeding  these  shrubs, 
land  managers  can  stratify  seeds  or  treat  them  with 
hydrogen  peroxide.   Even  with  optimum  enhancement,  the 
germination  will  rarely  exceed  60  percent. 

INTRODUCTION 

The  closely  related  members  of  the  Rosaceae  family,  desert  and  antelope 
bltterbrush  and  cliff rose,  are  valuable  browse  species  on  western  rangelands.   In 
many  areas,  communities  of  these  plants  have  deteriorated,  and  land  managers  have 
attempted  to  revegetate  rangelands  by  planting  seeds  of  these  species. 

One  major  hindrance  to  seeding  all  three  species  is  dormancy  of  the  seed.   Many 
land  managers  and  scientists  have  recognized  the  problem,  and  as  a  result,  the  seed 
ecology  of  antelope  bltterbrush  has  been  subject  to  research  for  45  years.   A 
bibliography  of  antelope  bltterbrush  literature,  done  over  a  decade  ago,  lists  over 
200  citations,  many  of  which  mention  or  are  solely  concerned  with  germination  and 
seedbed  ecology  problems  (Basile  1967).   A  more  recent  annotated  bibliography  (Clark 
and  Britton  1979)  also  stresses  the  importance  of  seed  and  seedbed  ecology  for 
bltterbrush.   The  germination  and  establishment  problems  probably  are  as  important 
to  the  regeneration  of  desert  bltterbrush  and  cliffrose  as  they  have  been 
demonstrated  for  antelope  bltterbrush,  but  much  less  research  has  been  devoted  to 
these  species. 

NATURE  OF  DORMANCY 

Conflicting  terminology  has  been  used  to  describe  the  fruits  of  bltterbrush; 
for  clarification,  we  will  define  the  terms  we  use  before  proceeding  with  a  review 
of  the  nature  of  dormancy.   The  perfect  yellow  flowers  of  antelope  bltterbrush  are 
borne  singly  at  the  end  of  short  lateral  leafy  spurs.   The  fruit  is  an  oblong  achene 
about  0.13  to  0.5  inches  (6  to  12  mm)  long.   The  achene  consists  of  the  embryo  or 
miniature  plant,  radicle,  hypocotyl,  and  cotyledons  covered  by  the  seedcoat  and 
pericarp.   The  pericarp,  or  ripened  wall  of  the  ovary,  is  soft  and  bright  red  when 
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the  seed  is  forming,  but  becomes  very  dark  at  maturity.   The  achene  is  dry  and 
flinty  when  mature,  and  we  will  refer  to  it  as  a  seed.   When  the  seed  of  antelope 
bitterbrush  is  mature,  it  falls  from  the  plant  with  a  papery  covering  composed  of 
remnant  flower  parts  and  tipped  with  a  remnant  of  the  style.   Desert  bitterbrush 
seeds  have  the  same  covering  except  the  beaked  style  remnant  tends  to  be  more 
elongated.   The  seeds  of  cliffrose  are  completely  enclosed  in  a  thickened, 
funnelform  remnant  of  flower  parts  and  are  tipped  by  long,  feathery  styles.   Before 
entering  commerce,  the  papery  covering  of  bitterbrush  seeds  is  normally  rubbed  free 
of  the  seed.   The  thickened  covering  of  cliffrose  seeds  cannot  be  mechanically 
removed  without  damaging  the  seed.   When  we  refer  to  a  cliffrose  "seed,"  the  entire 
assemblage  is  included.   Generally,  when  sold  in  commerce,  the  seeds  of  cliffrose 
have  the  feather  style  removed. 

When  the  embryos  of  antelope  bitterbrush  seeds  are  dissected  from  the  achenes, 
the  embryos  will  germinate,  indicating  the  dormancy  is  controlled  by  factors 
associated  with  the  seedcoat  and/or  pericarp.   Embryo  dissection  has  been  used  as  a 
quick  viability  check  for  antelope  bitterbrush  seeds  (Nord  1956) . 

The  seeds  of  antelpe  bitterbrush  are  largely  dormant  at  harvest.   Usually  5  to 
20  percent  of  a  seed  lot  will  germinate  without  enhancement.   Germination  of 
antelope  bitterbrush  seeds  is  greatly  enhanced  by  cool-moist  stratification.   This 
treatment  simply  consists  of  placing  the  seeds  in  a  moist  environment  at  a 
temperature  too  cold  to  allow  germination.   The  term  "stratification"  originated 
from  the  forestry  practice  of  placing  seeds  between  layers  of  peat  moss  to  form  a 
stratified  bed  for  winter  chilling.   The  usual  rationale  given  for  germination 
enhancement  from  stratification  is  that  the  cool-moist  period  allows  sufficient 
oxygen  to  reach  the  enbryo  to  allow  germination.   We  will  expand  on  this  concept 
in  a  later  section  on  stratification. 

Dormant  antelope  bitterbrush  seeds  do  imbibe  water.   The  seedcoat  and  pericarp 
do  not  interefere  with  moisture  inhibition  as  is  the  case  with  hard-seeded  legumes. 

In  addition  to  stratification,  thiourea  treatment  can  remove  the  inhibition  to 
germination  of  antelope  bitterbrush  seeds  (Pearson  1956).   Thiourea  belongs  to  a 
class  of  compounds  called  sulfydryls,  a  number  of  which  have  a  markedly  stimulatory 
effect  on  dormant  seeds  (Roberts  1973).   In  solution,  thiourea  is  in  equilibrium 
with  the  iso  form:   NH  CSNH    NH   C(SH):NH.   One  peculiarity  of  these 
compounds  is  that  they  can  have  an  extremely  narrow  concentration  range  for  optimum 
activity.   Thiourea  enhancement  of  antelope  bitterbrush  germination  seems  to  be  an 
ideal  solution  to  dormancy  as  far  as  land  managers  are  concerned.   After  soaking  the 
seeds  in  the  thiourea  solution,  they  are  dried.   When  the  dried  seeds  are  rewet 
after  planting  in  the  field,  the  thiourea  is  effective  in  enhancing  germination.   In 
contrast,  once  antelope  bitterbrush  seeds,  or  those  of  most  other  species,  are 
stratified,  the  seeds  must  be  planted  immediately  for  the  germination  enhancement  to 
be  effective.   If  the  stratified  seeds  are  dried,  not  only  is  the  advantage  gained 
by  stratification  lost,  but  the  seeds  become  nonviable.   Three  problems  are 
associated  with  the  use  of  thiourea-treated  bitterbrush  seeds:   (1)  the  treatment 
has  never  been  as  effective  in  producing  established  stands  in  the  field  as 
laboratory  results  would  indicate,  (2)  thiourea  is  labeled  as  a  highly  toxic 
substance  to  humans,  and  (3)  thiourea-treated  seeds  must  be  seeded  in  the  spring. 
Very  little  information  is  published  about  the  response  of  cliffrose  and  desert 
bitterbrush  seeds  to  thiourea,  but  in  one  trial,  cliffrose  seed  germination  was 
enhanced  by  thiourea  treatment  (Alexander  and  others  1974). 

Antelope  bitterbrush  seeds  have  increased  germination  when  treated  with 
solutions  of  hydrogen  peroxide  (Everett  and  Meeuwig  1975).   Hydrogen  peroxide  is  a 
compound  that  has  been  shown  to  enhance  germination  of  seeds  of  numerous  species 
(Crocker  and  Barton  1953).   Another  major  group  of  compounds  that  have  been  shown  to 
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enhance  germination  is  the  gibberellic  acids.  Gibberellin  has  been  used  to 
substitute  for  the  stratification  requirements  of  antelope  bitterbrush  seeds 
(McConnell  1960) . 

Many  land  managers  who  have  worked  with  seeding  of  antelope  bitterbrush  in  the 
field  believe  seeds  stored  at  cool  and  cold  temperatures  for  a  year  germinate  better 
than  freshly  harvested  seeds.   This  response  would  be  similar  to  an  after-ripening 
requirement  although  such  requirements  usually  do  not  respond  to  storage 
temperatures. 

In  summary,  the  seedcoat  and/or  pericarp  of  antelope  bitterbrush  seeds 
interfere  with  the  germination  of  these  seeds.   This  interference  can  be  overcome  by 
cool-moist  stratification  or  by  treatment  with  various  chemicals,  all  of  which  have 
been  shown  to  influence  the  pentose  phosphate  pathway  of  dormancy  (Roberts  1973). 

GERMINATION  PROFILES 

In  a  recent  publication  we  developed  germination  profiles  for  antelope  and 
desert  bitterbrush  and  cliff rose  seeds  (Young  and  Evans  1981) .   We  compared  four 
basic  germination  treatments  for  each  species:  (1)  control  with  no  treatment  before 
the  seeds  were  incubated,  (2)  thiourea  soaking  before  incubation,  (3)  hydrogen 
peroxide  soaking  before  incubation,  and  (A)  cool-moist  stratification  before 
incubation.   The  details  of  each  treatment  are  given  in  subsections. 

In  all  treatments,  four  replications  of  100  seeds  were  used.   Unless  otherwise 
specified,  we  collected  seeds  in  northern  Nevada  for  antelope  bitterbrush  or 
purchased  seeds  from  southwestern  Utah  for  desert  bitterbrush  and  cliffrose  during 
the  summer  that  they  were  produced  and  began  testing  in  October  of  the  same  year. 
Seeds  were  stored  in  the  laboratory  in  paper  bags  before  testing.   Usually,  the 
seeds  were  hand  threshed  to  avoid  injury.   The  papery  flower  parts  that  persist 
around  the  achenes  of  antelope  and  desert  bitterbrush  were  removed.   The  indurate 
portion  of  the  funnelform  flower  of  cliffrose  that  persists  around  the  achene  was 
not  removed.   Seeds  were  placed  on  a  single  thickness  of  germination  paper  in  petri 
dishes  and  kept  moist  with  tap  water.   Seeds  were  considered  germinated  when  the 
radicle  emerged  0.25  inches  (0.5cm).   The  seeds  were  incubated  in  dark  germinators. 

Control  Profiles 

To  develop  profiles  of  the  germination  of  seeds  of  each  species  in  relation  to 
temperature,  we  incubated  the  seeds  at  55  constant  and  alternating  temperature 
regimes.   Constant  regimes  consisted  of  0°,  2°,  5°,  and  then  at  5°  increments 
through  40°C.   Alternating  regimes  consisted  of  16  hours  at  each  constant 
temperature  alternating  with  8  hours  at  each  higher  temperature  in  the  profile 
daily.   For  example,  0°C  alternated  with  2°,  5°,  10°,  15°,  20°,  25°,  30°,  35°,  and 
40°C  while  35°C  alternated  with  40°C  only.   Seeds  were  incubated  for  4  weeks  with 
counts  made  at  1,  2,  and  4  weeks.   Seeds  were  considered  germinated  when  the  radicle 
emerged  0.25  inches  (0.5  cm). 

The  effects  of  constant  and  alternating  temperatures  on  each  species  in  terms 
of  germination  percentage  were  statistically  analyzed  using  a  quadratic  response 
surface.   This  quadratic  response  surface  was  composed  of  a  series  of  regression 
equations,  one  for  each  cold  period  (16  hours)  temperature  through  the  series  of 
warm  period  temperatures  (8  hours)  with  calculated  values  and  their  confidence 
limits  (Evans  and  others  1982). 
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Thiourea 

WARNING!   Before  considering  any  seed  treatment  with  thiourea,  remember  it  is  a 
highly  toxic  chemical.   The  regulations  of  most  public  land  management  agencies 
prohibit  the  use  of  this  material  as  a  dormancy  breaker. 

We  soaked  the  seeds  of  all  three  species  in  a  3  percent  solution  of  thiourea 
for  30  minutes,  allowed  the  seeds  to  dry,  and  then  incubated  them  at  the  standard  55 
constant  and  alternating  temperatures  used  for  germination  profiles. 

Hydrogen  Peroxide 

The  seeds  of  all  three  species  were  pretreated  by  soaking  for  6  hours  in  1 
percent  hydrogen  peroxide  following  the  procedures  of  Everett  and  Meeuwig  (1975). 

RESULTS:   GERMINATION  PROFILES 

Control 

For  the  55  temperature  regimes  of  the  standard  germination  profile,  seeds  of 
antelope  bitterbrush  averaged  only  16  percent  germination,  but  germinated 
significantly  better  (P  =  0.01)  than  the  other  two  species  (table  1).   Germination 
was  very  low  for  the  seeds  of  cliffrose  and  desert  bitterbrush. 

Seeds  of  antelope  bitterbrush  germinated  at  a  wide  range  of  constant  and 
alternating  temperatures  without  pretreatment ,   Some  germination  occurred  at  87 
percent  of  the  regimes  tested  (table  1).   Optimum  temperature  regimes  for 
germination  were  spread  over  a  wide  range  of  warm  period  temperatures  from  15°  to 
30°C.   Except  for  10°/25°C  (10°C  for  16  hours/25°C  for  8  hours  in  each  24-hour 
period),  the  optima  occurred  at  0°  to  5°C  cold  period  temperatures  which,  as  will  be 
seen  in  a  later  section,  are  the  ideal  temperatures  for  stratification  of  antelope 
bitterbrush  seeds.   Essentially,  during  the  4-week  incubation  period,  antelope 
bitterbrush  seeds  were  partially  self-stratifying  themselves  at  these  incubation 
temperatures.   Partitioning  the  profiles  into  percentiles  indicated  that  51  percent 
of  the  regimes  had  germination  from  10  to  25  percent  and  27  percent  had  germination 
below  10  percent  (table  1) . 

The  germination  profile  for  desert  bitterbrush  seeds  was  considerably  different 
with  no  evidence  of  self-stratification.   There  was  no  germination  at  0°C  or  any 
temperature  regime  that  alternated  with  0°C.   The  optimum  regimes  were  restricted  to 
constant  temperatures  of  5°  through  20°C  except  for  10°/15°C.   Germination  occurred 
at  only  51  percent  of  the  regimes  tested,  and  an  overwhelming  95  percent  of  the 
regimes  had  germination  below  10  percent.   Overall,  germination  of  desert 
bitterbrush  without  pretreatment  was  very  low. 

Germination  of  cliffrose  seeds  was  low  at  all  temperatures,  and  some 
germination  occurred  at  only  60  percent  of  the  temperatures  tested.   The  optimum 
temperature  regimes  for  germination  were  scattered  over  a  wide  range  and  accounted 
for  27  percent  of  the  possible  regimes  (table  1).   Some  of  the  optima  occurred  in 
the  self-stratifying  range  of  0°/25°,  2°/30°,  and  5°/20°  through  5°/30°C,  but  others 
were  the  warm  regimes  of  20°/25°  to  20°/30°C.   On  a  percentile  basis,  67  percent  of 
the  regimes  had  germination  below  10  percent. 
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Thiourea 

The  soaking  period  we  found  to  give  optimum  enhancement  of  germination  for  all 
three  species  and  was  used  for  the  profiles  was  30  minutes  in  a  3  percent  solution 
of  thiourea  (Young  and  Evans  1981).   This  is  a  much  longer  soaking  time  than  was 
originally  proposed  by  Pearson  (1956).   He  found  that  long-duration  soaking 
inhibited  germination.   Antelope  bitterbrush  seeds  have  been  shown  to  be  sensitive 
to  the  temperature  of  the  soaking  solution  with  high  soaking  temperatures  reducing 
subsequent  germination  (Neal  and  Sanderson  1975).   It  may  be  that  high  soaking 
temperatures  led  Pearson  to  discount  the  value  of  longer  duration  thiourea 
treatments  in  enhancing  germination.   The  value  of  longer  duration  soaking  in 
thiourea  solutions  was  originally  pointed  out  by  the  late  Eamor  Nord  (personal 
communication) . 


Table  1. — Comparison  of  parameters  synthesized  from  quadratic  response  surface  for 
germination  profiles  for  antelope  bitterbrush,  desert  bitterbrush,  and  cliffrose 
seeds  without  treatment  before  incubation.  See  Young  and  Evans  (1981)  for  complete 
profiles. 


Parameters 


Cliffrose 


Desert 
bitterbrush 


Antelope 
bitterbrush 


-Percent- 


Regimes  with  some  germination 
Mean  germination 
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5 

11 
8 


95 
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For  the  overall  mean  germination  at  the  55  constant  and  alternating  temperature 
regimes  tested,  antelope  bitterbrush  seeds  had  significantly  higher  (P  =  0.01) 
germination  than  the  other  species.   Cliffrose  seeds  were  intermediate  in 
germination,  and  desert  bitterbrush  germination  profiles  had  the  lowest  average 
germination. 

Seeds  of  antelope  bitterbrush  germinated  at  all  temperatures  tested  except 
0°/0°,  35°/40°,  and  40°/40°C  after  being  treated  with  thiourea.   The  mean 
germination  of  regimes  with  some  germination  was  46  percent  (table  2).   Optimum 
temperature  regimes  occurred  at  18  percent  of  the  temperatures  tested  with  an 
average  germination  of  65  percent.   The  optima  occurred  at  temperatures  from  10°  to 
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25°C  alternating  with  2°  to  10°C.   Based  on  a  percentile  breakdown,  49  percent  of 
the  regimes  produced  germination  between  51  and  75  percent,  and  only  11  percent  had 
germination  below  10  percent. 

Seeds  of  desert  bitterbrush  germinated  at  85  percent  of  the  temperature  regimes 
tested  after  treatment  with  thiourea  (table  2).   Besides  0°/0°C,  desert  bitterbrush 
seeds  failed  to  germinate  at  35°/35°  or  40/40°C  and  most  of  the  temperature  regimes 
that  alternated  with  40°C.   Optimum  regimes  for  germination  were  clustered  around 
15°/25°C  and  accounted  for  15  percent  of  all  regimes,  with  a  mean  germination  of  43 
percent.   Based  on  percentile,  26  percent  of  the  temperature  regimes  produced 
germination  below  10  percent. 

After  treatment  with  thiourea,  cliffrose  seeds  germinated  at  93  percent  of  the 
temperature  regimes  tested  (table  2).   Only  the  very  cold  and  extremely  warm  regimes 
failed  to  support  some  germination.   Optima  constituted  16  percent  of  the  regimes  in 
a  tight  cluster  in  the  20°  and  25°C  warm  period  temperatures,  alternating  with  2° 

and  15°C  cold  period  temperatures.   The  mean  germination  at  the  optimum  regimes  was 
66  percent.   Based  on  percentiles,  29  percent  of  the  regimes  produced  germination 
between  51  and  75  percent,  and  15  percent  had  germination  below  10  percent. 

Table  2. — Comparison  of  parameters  synthesized  from  quadratic  response  surfaces  for 
germination  profiles  for  antelope  bitterbrush,  desert  bitterbrush,  and  cliffrose 
seeds  soaked  in  a  3  percent  solution  of  thiourea  for  30  min.  before  incubation.   See 
Young  and  Evans  (1981)  for  complete  profiles. 
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Stratification 

Stratification  of  bitterbrush  is  intricately  related  to  temperature  and  time, 
Hormay  (1943)  reported  that  the  stratification  requirements  for  bitterbrush  seeds 
were  5  to  8  weeks  at  0°  to  5°C.   This  temperature  range  is  supported  by  our 
investigation,  but  our  results  indicate  that  the  duration  can  be  shortened  (Young 
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and  Evans  1976).   More  importantly,  excessively  long  stratification  can  reduce 
subsequent  germination. 

The  usual  recommended  stratification  period  for  antelope  bitterbrush  is  2  to  3 
months  (U.S.  Department  of  Agriculture,  Forest  Service  1948).   Petzold  (as  cited  by 
Deischman  and  others  1974)  found  that  short  stratification  periods  of  as  little  as  2 
weeks  gave  adequate  germination. 

We  have  determined  that  osmotic  and  matric  potentials  of  the  soil,  water,  and 
fluctuations  in  seedbed  temperatures  can  dramatically  influence  the  degree  of 
germination  enhancement  received  from  stratification. 

No  one  knows  for  certain  what  is  the  mode  of  action  for  stratification 
enhancing  seed  germination;  however,  we  (Young  and  Evans  1976)  previously  suggested 
a  possibility  based  on  the  research  of  the  French  seed  physiologist,  Come  (1967). 

Embryos  require  very  little  0„in  the  environment  to  germinate.   The  lower 
temperature,  the  less  0„  is  needed  (Come  and  Tissaoui  1972).   The  higher  the 
temperature,  the  greater  the  0„  requirement  of  the  embryo,  but  the  quantity  of 
available  0_  decreases  because  at  higher  temperature  it  is  less  soluble  and 
phenolic  substances  chemically  react  with  the  0  before  it  reaches  the  embryo.   At 
2°C,  about  14  p/m  0„  are  soluble  in  water,  but  only  10  p/m  are  soluble  at  15°C 
(Streeter  1935).   Because  low  temperatures  increase  solubility  of  0„  in  water  and 
reduce  both  the  requirements  for  it  and  the  fixing  capacity  of  the  seedcoat, 
stratification  enhances  germination  of  antelope  bitterbrush  seeds. 

Mean  germination  of  desert  bitterbrush  (38  percent)  at  55  constant  and 
alternating  temperatures  after  2  weeks  stratification  at  5°C  was  significantly 
higher  (P  =  0.01)  than  that  for  the  other  species.   The  mean  germination  of 
cliffrose  seeds  (39  percent)  was  intermediate  and  that  for  antelope  bitterbrush 
seeds  (31  percent)  was  lowest. 

The  quadratic  response  surface  for  antelope  bitterbrush  germination  reveals 
some  germination  at  91  percent  of  the  temperature  regimes  tested.   The  optimum 
temperature  regimes  for  germination  were  loosely  clustered  around  5°/15°C 
encompassing  23  percent  of  the  temperature  regimes  with  an  average  germination  of  52 
percent.   Partitioning  the  profile  into  percentiles  shows  that  52  percent  of  the 
temperature  regimes  produced  germination  from  26  to  50  percent  (table  3).   Only  15 
percent  of  the  regimes  produced  germination  greater  than  50  percent.   On  the  other 
end  of  the  germination  spectrum,  15  percent  of  the  regimes  produced  germination  of 
less  than  10  oercent. 
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Table  3. — Comparison  of  parameters  synthesized  from  quadratic  response  surfaces  of 
germination  profiles  for  antelope  bitterbrush,  desert  bitterbrush,  and  cliffrose 
seeds  after  cool,  moist  stratification.    See  Young  and  Evans  (1981)  for  complete 
germination  profiles. 
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The  quadratic  response  surface  for  germination  of  seeds  of  desert  bitterbrush 
showed  a  lower  number  of  temperature  regimes  that  supported  some  gemnination  than 
antelope  bitterbrush,  but  a  higher  average  germination  (table  3).   Desert 
bitterbrush  seeds  failed  to  germinate  at  40°C  or  colder  temperatures  alternating 
with  40°C  except  for  15°/40°C.   Optimum  temperature  regimes  were  tightly  clustered 
at  10°/10°,  10°/15°,  10°/20°,  15°/15°,  15°/20°,  and  20°/20°C.   The  mean  of  the 
optima  was  72  percent.   Partitioned  into  percentiles,  67  percent  of  the  temperature 
regimes  supported  germination  between  26  and  75  percent.   The  failure  to  germinate 
at  most  40°C  temperatures  was  reflected  in  the  22  percent  of  the  regimes  that 
produced  germination  below  10  percent. 

i 

Seeds  of  cliffrose  had  some  germination  at  all  temperature  regimes  except  0°/0° 
Dr  0°/2°C.   The  mean  germination  of  the  52  regimes  that  produced  some  germination 
'jas  37  percent  (table  3).   The  temperature  regimes  that  produced  optimum  germination 
^?ere  clustered  around  5°/25°C  and  extended  to  2°/25°C.   The  mean  of  the  optima  was 
)5  percent.   On  a  percentile  basis,  51  percent  of  the  temperature  regimes  produced 
germination  in  the  26-  to  50-percent  range  and  only  11  percent  were  below  10 
)ercent. 
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Hydrogen  Peroxide 
The  overall  mean  germination  of  antelope  bitterbrush  seeds  (21  percent). 


*  'retreated  with  1-percent  HO   for  6  hours,  was  significantly  higher  (P  =  0.01) 
han  that  for  the  other  two  species.   Desert  bitterbrush  seeds  had  intermediate 
ermination  (19  percent),  and  the  mean  germination  of  cliffrose  seeds  (9  percent) 
as  lower. 
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The  quadratic  response  surface  for  percent  germination  of  H  0„  treated 
seeds  reveals  some  germination  at  85  percent  of  the  temperature  regimes  tested  with 
a  mean  germination  of  26  percent  (table  4).   The  optimum  temperatures  for 
germination  clustered  around  10°/10°,  10°/15°,  and  10°/20°C  with  a  mean  of  49 
percent.   Dividing  the  profile  into  percentiles  resulted  in  47  percent  of  the 
profiles  having  germination  from  26  to  50  percent.   A  large  proportion  of  regimes, 
29  percent,  supported  germination  only  from  0  to  less  than  10  percent. 


A  quadratic  response  surface  for  percent  germination  of  desert  bitterbrush 
seeds  treated  with  HO  was  similar  to  that  of  antelope  bitterbrush  (table  4). 
Some  germination  occurred  at  87  percent  of  the  55  temperature  regimes  tested. 


Mean  germination  of  the  regimes  with  some  germination  was  13  percent.   The 
number  of  regimes  with  optimum  germination  was  13  percent  of  the  total,  the  same  as 
for  antelope  bitterbrush.   The  mean  of  the  optima  was  37  percent.   The  optimum 
regimes  were  clustered  around  10°/20°,  10°/25°,  and  10°/30°C  or  slightly  higher  warm 
period  temperatures  than  for  antelope  bitterbrush.   The  percentile  distribution  of 
germination  and  temperature  regimes  for  desert  bitterbrush  germination  was 
practically  identical  to  those  for  antelope  bitterbrush  seeds. 

The  quadratic  response  surface  for  percent  germination  of  cliffrose  seeds 
treated  with  H„0„  reveals  a  limited  germination  response  (table  4).   Germination 
occurred  at  62  percent  of  the  temperatures  tested  with  a  mean  of  14  percent.   The 
optimum  temperature  regimes  for  germination  spread  over  a  relatively  wide  range  of 
temperatures  (20  percent  of  the  total)  from  10°/10°  through  20°/25°C.   The  lack  of 
germination  enhancement  of  cliffrose  seeds  with  H  0_  treatments  is  illustrated 
by  the  62  percent  of  the  temperature  regimes  with  less  than  10-percent  germination. 

Table  4. — Comparison  of  parameters  synthesized  from  quadratic  response  of 

germination  profiles  for  antelope  bitterbrush,  desert  bitterbrush,  and  cliffrose 

seeds  treated  with  hydrogen  peroxide.    See  Young  and  Evans  (1981)  for  complete 
profiles. 
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DISCUSSION 

Enough  antelope  bitterbrush  seeds  germinate  without  germination  enhancement  to 
suggest  that  through  hybridization  and  selection,  plant  breeders  might  be  able  to 
greatly  increase  germination  and  reduce  the  strict  stratification  requirements. 
This  is  a  long-term  project,  but  certainly  should  be  included  in  programs  to  shift 
seed  collection  of  these  species  from  native  stands  to  seed  orchards. 

There  are  many  constraints  on  the  seeding  of  moist,  stratified  seeds,  both  from 
a  mechanical  handling  standpoint  and  from  the  biological  requirements.   Essentially, 
one  can  only  seed  prestratif ied  seeds  in  a  seedbed  that  is  conducive  to  continued 
germination.   This  means  that  drilling  would  be  limited  to  short  periods  of  time 
when  temperature  and  moisture  conditions  are  satisfactory  in  seedbeds.   These 
seedbed  conditions  would  have  to  be  predicted  because  of  the  time  required  for 
stratification  and  the  loss  of  viability  with  prolonged  stratification.   Despite  all 
these  drawbacks,  stratification  is  the  only  germination  enhancement  technique 
available  for  many  species.   Development  of  drills  to  handle  moist  seeds  should 
continue. 

If  effective  rodent  repellents  could  be  developed,  fall  seeding  of  bitterbrush 
and  cliffrose  seeds  probably  would  be  the  most  desirable  alternative.   Pesticide 
restrictions  have  greatly  limited  the  potential  materials  for  use  as  repellents,  and 
one  should  remember  that  any  time  a  chemical  is  placed  in  close  proximity  to  a  seed, 
there  is  a  distinct  possibility  of  influencing  germination.   Equally  important  with 
the  development  of  repellent  is  the  continued  study  of  rodent-seed  ecology.   The 
complex  interaction  of  rodents  and  antelope  bitterbrush  seeds  is  well  known.   We 
assume  that  a  similar  relation  exists  for  desert  bitterbrush  and  cliffrose  seeds 
under  natural  conditions.   An  unexplored  possibility  for  enhancing  regeneration  of 
these  species  is  to  manipulate  rodent  populations  or  artificially  feeding  seeds  into 
the  rodent  caching  cycle  with  or  without  subsequent  control  of  rodents. 

Hydrogen  peroxide  offers  an  alternative  method  of  enhancing  germination  of  the 
bitterbrush  species.   Stratification  gives  a  better  enhancement  of  germination  than 
hydrogen  peroxide,  especially  for  cliffrose  seeds.   The  advantages  for  hydrogen 
peroxide  are  a  shorter  treatment  time  is  required  and  the  seeds  can  be  dried.   If  we 
understood  the  nature  of  germination  enhancement  from  hydrogen  peroxide  treatments, 
it  might  be  possible  to  perfect  the  methodology  to  increase  germination  enhancement. 

Practically,  thiourea,  the  ideal  germination  enhancer  for  bitterbrush  seeds,  is 
a  dead  issue.   Virtually  all  State  and  Federal  land  management  agencies  have 
outlawed  the  use  of  this  material. 

In  the  final  analysis,  we  know  a  great  deal  about  the  germination  of 
bitterbrush  and  cliffrose  seeds.   We  also  know  that  a  great  deal  of  work  is  required 
to  develop  this  knowledge  into  a  form  that  adequately  answers  the  problems  land 
managers  face  in  trying  to  revegetate  rangelands  with  these  species. 
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ANTELOPE  BITTERBRUSH  SEEDLING  ESTABLISHMENT 
FOLLOWING  PRESCRIBED  BURNING  IN  THE  PUMICE  ZONE 

OF  THE  SOUTHERN  CASCADE  MOUNTAINS 

2 
Robert  E.  Martin 

ABSTRACT 

Antelope  bitterbrush  (Purshia  trldentata)  seedling 
establishment  was  surveyed  on  21  units  two  to  eight 
growing  seasons  after  burning.   Bitterbrush  seedlings 
occupied  from  one-quarter  to  five  times  as  many  of 
the  plots  as  did  old  plants,  and  regeneration  was 
related  to  seasons  since  burn,  site  quality,  and 
livestock  grazing.   Records  were  kept  of  bitterbrush 
seedlings,  seedling  groups,  stems  per  group,  and  height 
and  diameter  growth. 

I 

INTRODUCTION 

Antelope  bitterbrush  (Purshia  tridentata)  is  one  of  the  most  important  browse 
plants  for  big  game  in  the  Northwest.   Because  it  is  often  detrimental  to  bitterbrush,! 
fire  has  been  restricted  in  big  game  winter  range  areas.   However,  in  considering 
the  amount  of  bitterbrush  in  many  areas,  we  must  question  the  presumed  detrimental 
effect  of  fire.   Fire  was  a  frequent  visitor  to  much  of  the  pine  bitterbrush  type 
in  the  southern  Cascade  Mountains.   Weaver  (1959),  Soeriaatmadja  (1966),  Martin  and 
Johnson  (1979),  and  studies  by  the  Bend  Silviculture  Laboratory^  show  that  fire  in 
this  area  was  as  frequent  as  once  every  5  to  15  years,  with  the  period  between  fires 
increasing  as  we  go  to  higher,  wetter,  and  cooler  sites.   Some  of  the  areas  in  this 
study  were  clearcut  and  burned  in  the  1920' s,  yet  bitterbrush  is  the  dominant 
understory  plant  in  the  young  pine  stands. 

Because  of  the  predominance  of  bitterbrush  in  these  stands,  it  must  have 

effective  mechanisms  for  regeneration  after  fire  (Driver  and  others  1980)  . 

Regeneration  might  come  from  seedlings  or  sprouts,  and  many  factors  might  affect  both 
means  of  reproduction  (Martin  and  Driver,  in  this  proceedings). 

This  study  was  conducted  to  evaluate  regeneration,  particularly  seedlings, 
on  21  prescribed  burns.   The  purpose  of  the  study  was  to  evaluate  reestablishment  of 
bitterbrush  on  prescribed  fires  the  first  few  years  after  burning  by  answering  the 
following  questions:   Is  there  a  relationship  between  percent  stocking  and  time? 
How  regular  is  the  establishment  over  time?   What  is  the  stocking  as  percent  of 
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old  plants?   What  are  height  and  diameter  over  age?   What  is  height  to  diameter  ratio? 
Can  we  see  effects  of  land  management,  such  as  grazing?   What  percent  of  old  plants 
sprouted? 

PREVIOUS  WORK 

Bitterbrush  is  often  considered  intolerant  of  fire,  taking  many  years  to 
reestablish  on  a  site  following  fire.   (An  extensive  discussion  on  the  factors 
affecting  bitterbrush  reestablishment  after  fire  is  given  in  the  Martin  and  Driver 
paper  in  this  proceedings.) 

Hormay  (1943)  reported  that  a  stand  of  bitterbrush  2  to  3  ft  (61  to  91  cm)  tall 
can  become  established  on  a  favorable  site  15  years  after  burning.   He  also  reported 
that  cheatgrass  (Bromus  tectorum)  can  impede  seedling  establishment;  thus  fire  is 
quite  damaging  to  bitterbrush  stands.   Blaisdell  (1950)  found  the  number  of 
bitterbrush  plants  15  years  after  burning  varied  inversely  with  the  "intensity"  of 
burn,  and  even  light  burns  still  had  only  about  two-thirds  the  production  per  acre 
of  the  unburned  site.   He  felt  that  sprouting  ability  was  important  in  a  shrub's  rapid 
recovery  after  fire. 

Multiple  stemmed  bitterbrush  groups  grow  somewhat  faster  than  single  stem 
plants  (Ferguson  1962) .   Ferguson  and  Basile  (1967)  have  reported  that  the  increasing 
seedling  numbers  in  each  group  (or  seed  spot)  increases  the  chance  of  survival. 

Nord  (1965)  and  Weaver  (1967)  state  that  bitterbrush  recovers  very  slowly 
following  fire.   Wright  and  Bailey  (1982)  use  this  to  hypothesize  that  fire  occurs 
only  about  once  every  50  years  in  the  ponderosa  pine-bitterbrush  type.   However, 
Driver  and  others  (1980)  indicate  that  bitterbrush  has  mechanisms  to  recover  quickly 
from  fire  on  the  eastern  slopes  of  the  Cascade  Mountains  in  Washington  through 
seedlings  established  on  heavily  burned  areas  or  by  sprouting  from  a  lignotuber 
just  below  the  groundline. 

There  seems  to  be  no  concurrence  on  the  susceptibility  of  bitterbrush  to  fire. 
Different  areas  and  fire  situations  seem  to  yield  different  responses. 

METHODS 

I  selected  21  prescribed  burning  units  for  survey  of  bitterbrush  regeneration. 
These  units  were  at  five  locations  that  ranged  from  the  Deschutes  National  Forest  in 
central  Oregon  to  Lava  Beds  National  Monument  in  northeastern  California  (fig.  1)  and 
vere  in  various  ponderosa  pine  (Pinus  ponderosa) -bitterbrush  communities.   Units  had 
3een  burned  from  two  to  eight  growing  seasons  before  sampling  in  July  and  August  1980. 

An  arbitrary  point  on  the  boundary  of  each  unit  was  taken  as  a  starting  point. 
The  second-hand  of  a  watch  was  used  to  obtain  a  compass  direction  for  a  transect, 
ising  the  reciprocal  direction,  if  necessary.   After  moving  a  suitable  distance 
into  the  burn  unit  to  avoid  edge  effect,  sample  plots  were  taken  at  uniform 
distances  along  the  transect  (fig.  2).   If  we  encountered  the  edge  of  the  unit,  we 
nade  an  offset   and  took  plots  along  a  transect  on  the  reciprocal  bearing  (fig.  2). 
distances  between  plots  varied  from  unit  to  unit,  depending  on  unit  size. 

Plots  were  39.37  inches  (1  m)  radius.   Two  types  of  plots  were  taken — yes/no 
)lots  and  count  plots.   On  yes/no  plots  the  following  data  were  taken: 

1.  Bitterbrush  seedlings  present  or  not 

2.  Old  bitterbrush  plants  present  or  not 

3.  Old  bitterbrush  plants  sprouting  or  not 
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Figure  1. — Locations  of  burn  blocks  in  central  Oregon  and  northern  California 


Figure  2. — Schematic  of  sampling  system, 


On  count  plots  the  following  data  were  taken: 

1,  Number  of  bitterbrush  seedling  groups 

2,  Number  of  stems  in  each  group 

3,  Distance  from  each  seedling  group  to  nearest  tree  and  nearest  old  tree 
(  >150  years) 

A.  Age  of  bitterbrush  seedling 

5.  Height  of  bitterbrush  seedling 

6.  Diameter  of  bitterbrush  seedling 

7.  Number  of  old  bitterbrush  plants 

8.  Old  bitterbrush  plants  sprouting  or  not. 
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Burning  conditions  and  fuel  consumption  for  each  unit  were  available,  but  were 
used  in  only  a  general  way  in  analysis.   Other  general  information  on  units  as  well  as 
site  index  and  grazing  pressure  were  recorded. 

RESULTS  AND  DISCUSSION 

Burn  units  varied  from  0.2  to  50  acres  (0.1  to  20  ha),  and  in  site  index  at 
100  years  (table  1) .   The  varying  unit  sizes  could  affect  study  results  because  of 
the  differences  in  seed  availability,  rodent  populations,  grazing  and  browsing 
pressure,  or  microclimate. 

Table  1. --Block  characteristics  of  percent  stocking,  number  of  seedling  groups,  and  number  of  stems  per  group  for  each  location. 


Months 

Number  of 

Burn  location 

Estimated 

Date    Growing  seasons 

since 

plots  with 

Stocked 

New  bitterbrush 

plants 

Plots  new 

and  block 

site  index 

burned   since  burn 

burn 

oldbitterbru 

^Sprouting 

plots 

Number 

of  groups  per  plot 

Stems 

per  seedl ing  group 

Plots  old 

Percent 

Percent 

Percent 

!! 

S 

Range 

"nr 

5 

Range 

Percent 

Black  Butte 

1 

80 

Oct.  1972 

8 

93 

17 

0 

76 

2.19 

1.20 

0-5 

3.13 

2.57 

1-12 

4.47 

2 

80 

May  1973 

8 

86 

87 

1 

75 

5.13 

2.77 

0-11 

2.72 

2.39 

1-12 

.86 

3 

80 

May  1974 

7 

74 

12 

0 

69 

1.78 

0.94 

0-5 

2.90 

2.70 

1-11 

5.42 

4 

30 

Sept.  1975 

6 

58 

88 

12 

72 

4.32 

2.51 

0-11 

2.17 

1.72 

1-9 

.72 

Pringle  Falls 

Bob's  corner 

78 

May  1976 

5 

50 

79 

3 

74 

2.50 

1.54 

0-7 

1.98 

1.63 

1-8 

.94 

1 

78 

Oct.  1977 

4 

33 

84 

2 

90 

3.63 

2.08 

0-9 

3.74 

3.78 

1-15 

1.05 

3 

78 

Oct.  1977 

4 

32 

39 

0 

34 

3.50 

1.97 

0-8 

4.39 

5.90 

1-33 

.87 

4 

78 

Oct.  1977 

4 

32 

91 

2 

84 

3.12 

2.22 

0-9 

2.17 

2.29 

1-14 

.90 

5 

78 

Oct.  1977 

4 

32 

91 

1 

74 

1.74 

1.44 

0-6 

3.20 

3.96 

1-21 

.80 

7 

78 

Oct.  1977 

4 

32 

97 

0 

95 

5.92 

3.91 

0-19 

2.50 

2.71 

1-15 

.98 

Kelsey  Butte 

A 

75 

March  1978 

3 

29 

94 

1 

87 

2.70 

2.03 

0-8 

1.44 

1.30 

1-9 

.92 

E 

75 

May  1978 

3 

27 

79 

2 

36 

1.60 

1.15 

0-6 

1.24 

0.66 

1-4 

.44 

Cabin  Lake 

1 

67 

May  1976 

5 

52 

93 

0 

32 

1.50 

0.91 

0-5 

2.10 

2.59 

1-12 

.34 

2 

67 

May  1976 

5 

52 

98 

0 

36 

1.10 

0.31 

0-2 

5.41 

4.33 

1-14 

.37 

3 

67 

May  1976 

5 

52 

89 

0 

9 

1.33 

0.71 

0-3 

2.00 

1.76 

1-6 

.10 

4 

67 

May  1976 

5 

52 

93 

0 

10 

1.30 

0.48 

0-2 

3.08 

3.50 

1-13 

.11 

Lava  Beds 

1  Upper  I 

:e  78 

June  1975 

6 

62 

89 

2 

58 

1.27 

0.63 

0-3 

3.74 

4.07 

1-16 

.64 

2   Cave 

78 

August  1975 

6 

61 

95 

2 

86 

1.48 

1.05 

0-5 

2.58 

1.86 

1-8 

.91 

3 

78 

Oct.  1975 

5 

59 

78 

23 

40 

1.67 

0.96 

0-4 

4.09 

3.63 

1-15 

.51 

Caldwell 

50 

May  1977 

4 

39 

90 

10 

26 

1.07 

0.41 

0-4 

1.07 

0.27 

1-2 

.29 

Black  Lava  F 

ow  78 

June  1979 

2 

14 

82 

1 

20 

1.18 

0.73 

0-4 

6.16 

7.99 

1-32 

.24 

Percentage  of  plots  stocked  with  new  bitterbrush  plants  ranged  from  9  to  95 
(table  1).   Lowest  stocking  was  recorded  on  the  Cabin  Lake  burns,  all  of  which  have 
experienced  heavy  cattle  grazing.   The  5-acre  (2.0  ha)  burns  are  located  in  an 
I  area  where  no  other  fires  have  stimulated  grass  and  forage  production.   Competition 
from  grasses  may  also  be  a  factor  restricting  bitterbrush  reproduction  (Hormay 
1943).   The  Black  Lava  Flow  burn,  also  low  in  stocking,  had  only  14  months  between 
burning  and  sampling,  which  may  account  for  its  condition.   It  would  probably 
restock  at  about  the  same  rate  as  the  three  Upper  Ice  Cave  burns,  which  are  close  by. 

The  Caldwell  Butte  burn  at  Lava  Beds  National  Monument  showed  low  seedling 
establishment  but  high  sprouting.   The  site  is  quite  dry,  as  indicated  by  the  low 
site  index,  and  only  about  20  percent  forested.   Open  areas  with  low  fuel  loading 
and  lower  interspecific  competition  probably  account  for  the  relatively  high 
sprouting  (Martin  and  Driver,  this  proceedings). 

Perhaps  more  indicative  of  relative  success  in  bitterbrush  seedling  establishment 
is  the  ratio  of  plots  stocked  with  seedlings  compared  to  those  stocked  with  old 
plants — a  percentage  that  ranges  from  0.10  to  5.42  (table  1).   The  high  percentages 
obviously  come  from  units  with  low  numbers  of  old  plants  and  high  numbers  of  seedlings. 
Any  seedlings  present  before  the  burn  would  be  missed  in  the  counting,  as  there 
would  be  no  postfire  evidence  of  their  presence.   Generally,  these  would  be  relatively 
few,  but  would  lower  the  table  1  ratio  figures  somewhat.   Numbers  of  bitterbrush 
seedling  groups  per  33.8  ft^  (3.14  m^)  plot  averaged  from  1.07  to  5.92  in  each  unit, 
with  an  individual  plot  high  of  19  (table  1). 
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Numbers  of  stems  per  seedling  group  also  varied  considerably,  with  units 
averaoin^  from  1.07  to  6.16  and  an  individual  nlot  high  of  33  (table  1).   The  highest 
unit  average  was  recorded  on  the  31ack  Lava  Flow  burn,  the  most  recent  conducted. 

Numbers  of  stems  per  seedling  group  tended  to  decline  with  the  age  of  the 
seedling  group,  although  the  relationship  was  generally  quite  weak.   Values  of  r   for 
regression  of  number  of  stems  per  group  against  age  ranged  from  0.1  to  0.73  in  linear 
and  polynomial  regressions.   In  all  except  one  of  the  21  units,  stems  per  seedling 
group  was  negatively  correlated  with  age.   This  decline  could  result  from  both  the 
death  of  individual  stems  in  a  group  and  the  death  of  entire  groups  with  large  numbers 
of  stems  because  of  competition  within  the  group. 

Sprouting  was  generally  low  among  the  burn  units  (table  1).   Upper  Ice  Cave  3  was 
burned  late  in  the  year  with  high  fuel  and  soil  moisture,  which  may  account  for  the 
higher  sprouting.   Fuel  consumption  was  low  in  the  burn  and  did  not  cover  the  entire 
unit . 

Analysis  of  variance  indicates  a  highly  significant  difference  (P<0.01)  among 
locations  for  plots  containing  bitterbrush  seedlings  (table  2).   Calculations  were 
made  on  all  units  and  also  after  dropping  two  units  at  Lava  Beds  National  Monument. 
The  Black  Lava  Flow  unit  was  dropped  in  the  second  analysis  because  it  was  burned 
only  14  months  before  counting  and  the  Caldwell  unit  because  it  was  of  low  site 
index  and  only  about  20  percent  forested.   Further  testing  for  individual  differences 
among  locations  using  the  least  significant  difference  technique  (Steel  and  Torrie 
1960)  showed  significant  differences  (P<0.05). 

Location  Percentage  of  plots  stocked 

21  plots!     19  plots^  ^ 


Pringl 

2  Falls                       75.17a       75.17a 

Black 

Butte                          73.00a  b      73.00^ 

Kelsey 

Butte                        61.50^  b     61. 50^ 

Lava  B 

2ds                           46.00^  ^  ^    ^1-33^ 
Lake                          21.75^       21.75"^ 

Cabin 

Number  followed 
Black  Lava  Flow 

by  the  same  letter  indicates  no  significant  difference  (P<0.05) 

and  Caldwell  units  were  dropped. 

Table  2. —Analysis  of 

variance  for  plots  stocked  with  bitterbrush  seedlings  in  the 

five  locations. 

21  Blocks 

4            8610.53           2152.63          4.49^ 

Among  locations 

Within  locations 

16            7184.14            449.01 

Total 

20            15794.67 

19  Blocks  (without  Caldwell  and  Black  Lava  Flow)  , 

Among  locations        4  7917.78  1979.44  5.13 

Within  locations      14  5402.75  385.91 

Total  18  13320.53 

Significant  at  99  percent  level  of  confidence. 
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Cabin  Lake  is  different  from  all  other  locations  when  two  units  from  Lava  Beds  are 
thrown  out.   This  I  attribute  to  cattle  grazing  and/or  grass  competition. 


The  regularity  at  which  seedlings  became  established  on  different  units  also 
shows  the  reliability  of  regeneration  following  burning.   In  an  attempt  to  assess 
this,  I  plotted  cumulative  regeneration  percent  against  percent  of  seasons  since  burn 
(fig.  3a-d) .   Thus,  a  plot  of  45°  would  indicate  the  regeneration  had  come  in  evenly 
over  the  years,  as  indicated  by  the  diagonal  line  on  each  figure.   Data  from  the 
Black  Butte  and  Kelsey  Butte  units  (fig.  3a)  were  mostly  close  to  the  45°  line, 
indicating  regular  annual  regeneration  over  the  years.   The  Pringle  Falls  units  (3b) 
tended  to  have  annual  regeneration  but  lagged  behind  the  line,  perhaps  indicating  that 
many  of  each  current  year's  seedlings  are  lost.   On  the  other  hand,  both  Cabin  Lake 
and  Lava  Beds  units  (3c  and  d)  had  wide  fluctuations  from  year  to  year  in  the 
cumulative  regeneration.   These  units  seem  to  have  very  good  and  very  bad  years  for 
regeneration. 
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Figure  3. — Cumulative  regeneration  percent  over  percent  of  growing  seaons  since  burn. 
Black  and  Kelsey  Buttes  (a),  Pringle  Falls  (b)  ,  Cabin  Lake  (c),  and  Lava  Beds  (d). 
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To  study  the  rate  at  which  seedlings  grow,  I   used  several  curve  forms  to  regress 
height  and  diameter  over  age  of  seedlings  (fig.  4  and  5).   Curvilinear  regression 
generally  accounted  for  a  little  more  of  the  variation  than  did  linear  regression,  but 
so  little  was  gained  that  the  linear  regressions  are  presented  here.   The  regressions 
were  not  tested  for  significant  differences,  and  there  was  great  variability  in  the 
data.   Values  of  r   for  the  regression  of  height  over  age  varied  from  only  0.14  for 
Cabin  Lake  to  0.74  for  Black  Butte.   In  the  regressions  of  diameter  over  age,  r^  rangec 
from  0.16  for  Cabin  Lake  to  0.56  for  Pringle  Falls.   All  the  regressions  were  highly 
significant  (P<  .01),  and  coefficients  and  F  values  are  given  in  table  3,   Using  these 
figures  I  would  expect  bitterbrush  plants  (groups)  to  be  5  to  10  inches  (12.5  to 
25  cm)  and  6  to  11  inches  (15  to  28  cm)  in  diameter  at  5  years  of  age,  provided  they 
are  not  extensively  browsed.   A  plot  of  height/age  versus  the  diameter/age  lines 
indicates  the  plants  (groups)  on  all  units  except  the  Pringle  Falls  unit  to  be  about 
three-quarters  as  high  as  they  are  wide  (fig.  6) . 


Figure  4. — Height  of  bitterbrush  seedlings  regressed  over  age.   Low  correlation  has 
reduced  the  slope  of  all  lines,  but  especially  that  of  the  Cabin  Lake  (CLC) 
regression. 
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Figure  5. — Diameter  of  bitterbrush  seedlings  regressed  over  age.   Cabin  Lake  had  the 
lowest  correlation,  greatly  reducing  the  slope  of  the  regression. 


Table  3. — Regression  values  for  the  highly  significant  linear  regressions  among 
diameter,  height,  and  age  of  bitterbrush  seedlings. 


Location 


Number  observations 


Intercept 


Coefficient 


Sx 


Diameter/age 


Black  Butte 
Kelsey  Butte 
Pringle  Butte 
Cabin  Lake 
Lava  Beds 


290 
94 

440 
78 

142 


.852 
-2.28 

.885 
5.41 
-3.14 


3o51 

.55 

349.0 

5.63 

4.67 

.53 

102.0 

3.59 

5.26 

.56 

565.0 

4.64 

1.87 

.16 

14.6 

4.82 

6.16 

.48 

132.0 

7.17 

Height/age 


Black  Butte 
Kelsey  Butte 
Pringle  Butte 
Cabin  Lake 
Lava  Beds 


290 
94 

440 

78 

142 


3.12 
3.18 
3.19 
6.16 
1.08 


2.04 

.55 

357.0 

3.24 

2.78 

.36 

52.5 

2.99 

4.86 

.56 

561.0 

4.31 

1.43 

.14 

11.9 

4.08 

4.00 

.46 

117.0 

4.93 

Height /diameter 


Black  Butte 
Kelsey   Butte 
Pringle   Butte 
Cabin   Lake 
Lava   Beds 


290 
94 

440 
78 

142 


3.64 
5.38 
3.59 
6.21 
4.29 


0.499 

.74 

823.0 

2.47 

0.449 

.39 

59.3 

2.92 

0.762 

.68 

59.3 

3.69 

0.319 

.15 

13.0 

4.05 

0.557 

.69 

317.0 

3.70 

10  15  20  25 

DIAMETER   -   CM 


30  35 


Figure  6. — A  plot  of  height  over  age  versus  diameter  over  age  from  figures  4  and  5, 
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SUMTiARY 

Bitterbrush  seedlings  have  become  established  rather  quickly  on  prescribed  burn 
units  in  ponderosa  pine/bitterbrush  communities  in  the  southern  Cascade  Mountains  of 
Oregon  and  California.   These  extensive  communities  are  important  as  a  game  food 
source.   Sprouting  of  old  bitterbrush  was  generally  low,  and  might  be  attributed  to 
any  of  several  factors  such  as  plant  age,  stress  from  competition,  fuel  loads,  low 
soil  moisture,  and  burning  conditions.   The  rapid  establishment  of  seedlings  would 
indicate  that  bitterbrush  can  regenerate  by  this  means  in  ponderosa  pine  stands  in 
pumice  regions  of  the  southern  Cascade  Mountains  following  fire.   Use  of  fire  in 
these  stands  could  help  develop  a  mosaic  of  vigorous  young  bitterbrush  in  mixture 
with  older  plants,  perhaps  enhancing  wildlife  habitat. 
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THE  ECOLOGY  OF  SHRUBS  IN  BRYCE  CANYON  NATIONAL  PARK 

WITH  SPECIAL  PREFERENCE  TO  PURSHIA  TRIDENTATA 

2 
K.  T.  Harper  and  Hayle  Buchanan 


ABSTRACT 

Shrubs  contribute  more  cover  than  either  forbs  or 
graminoides  in  the  forests  of  Bryce  Canyon  National 
Park.   Purshia  tridentata  reaches  maximum  abundance  in 
the  ponderosa  pine  forests  and  declines  steadily  with 
increasing  elevation.   Purshia  is  the  major  understory 
species  in  the  low  elevation  forests.   The  study 
covers  mortality  and  establishment  rates  in  six  forest 
types  over  a  21  year  period. 


INTRODUCTION 

Bryce  Canyon  National  Park  is  in  Garfield  and  Kane  Counties,  southcentral  Utah. 
Elevation  ranges  from  7,915  ft  (2,412  m)  at  park  headquarters  to  9,105  ft  (2,777  m) 
at  Rainbow  Point,  the  highest  spot  in  the  park.   Geology  in  the  area  is  dominated  by 
the  rather  soft  Wasatch  limestone  that  has  eroded  along  the  edges  of  the  plateau  to 
produce  spectacular  pink  pinnacles  and  badlands  that  are  the  major  scenic  attrac- 
tions of  the  park.   Precipitation  at  headquarters  averages  about  15.9  inches  (40  cm) 
annually  (Eubank  and  Brough  1979) .   Precipitation  is  about  equally  distributed 
throughout  the  year  with  25  percent  in  the  January  to  March  period,  22  percent  in 
April  to  June,  33  percent  in  July  to  September,  and  20  percent  in  the  October  to 
December  interval.   Mean  annual  temperature  averaged  41.0°F  (5°C)  for  the  1916-75 
interval:   January  temperatures  averaged  21.6°f  (-5°C) ,  while  July  had  an  average 
temperature  of  62.9°F  (17°C)  (Eubank  and  Brough  1979).   Deep  snowpacks  accumulate  on 
the  plateau  in  winter:   April  1  water  content  of  snowpacks  at  headquarters  averaged 
4.3  inches  (11  cm),  while  water  content  of  snowpacks  at  Rainbow  Point  averaged  8.7 
inches  (22  cm)  (Whaley  and  Lytton  1979) . 

Although  total  annual  precipitation  is  unknown  for  any  location  other  than  at 
headquarters,  two  general  studies  relate  precipitation  to  elevation  in  Utah 
mountains.   Lull  and  Ellison  (1950)  showed  that  annual  precipitation  in  Ephraim 
Canyon  on  the  Wasatch  Plateau  (central  Utah)  increased  about  4.9  inches/1,000  ft  (12.5 
cm/305  m)  rise  in  elevation.   Harper  and  others  (1981)  reported  a  3.0  inches  (7.6  cm) 
increase  in  precipitation  per  1,000  ft  (305  m)  rise  in  elevation  in  the  Uinta 
Mountains  of  northeastern  Utah.   Assuming  that  the  relationship  between  elevation 
and  precipitation  at  Bryce  Canyon  National  Park  is  similar  to  that  observed 
elsewhere  in  the  state,  annual  precipitation  at  Rainbow  Point  probably  averages 
somewhere  between  19.5  and  21.8  inches  (49.5  and  55.4  cm). 


Paper  presented  at  Bitterbrush  and  Cliff rose  Symposium,  Salt  Lake  City,  Utah, 
April  13-15,  1982. 

Respectively,  Professor,  Department  of  Botany  and  Range  Science,  Brigham  Young 
University,  Prove,  Utah;  and  Professor,  Department  of  Botany,  Weber  State  College, 
Ogden,  Utah. 

91 


OBJECTIVES 

a/ 

The  principie  objective  of  this  paper  is  to  document  the  density  of  Purshia 

tridentata  (bitterbrush)  in  various  forest  types  within  Bryce  Canyon  National  Park 
for  the  intervals  1957-59  and  1978-80.   The  data  base  permits  us  to  describe 
mortality  and  establishment  rates  for  that  species  in  six  forest  types  over  a  21 
year  period.   We  also  provide  information  on  associated  shrubs,  because  such  data 
should  help  managers  to  put  the  bitterbrush  data  into  proper  ecological  perspective. 

METHODS 

Our  report  is  based  on  223  permanently  marked  study  plots  sampled  in  the 
summers  of  1957-59  by  Buchanan  (1960)  and  sampled  again  in  1978-80.   At  each  study 
plot,  a  10.76  ft   (1.0  m  )  quadrat  was  established  to  sample  herbs  and  shrubs. 
Trees  and  tree  reproductions  at  each  plot  were  sampled  using  the  quarter  method  of 
Cottam  and  Curtis  (1956).   A  marking  peg  at  each  10.76  ft  quadrat  was  used  as  the 
point  from  which  quarter  method  distances  were  measured.   All  perennial  plants  in 
each  quadrat  were  mapped  onto  gridded  paper  using  a  metal  frame  with  16  equal-sized 
subsections.   About  one-third  of  the  study  plots  were  photographed  in  the  initial 
and  again  in  the  later  sample. 

The  sampling  points  were  spaced  approximately  300  ft  (91  m)  apart  on  a  transect 
that  ran  along  the  top  of  the  plateau  and  nearly  the  entire  length  of  the  park. 
Direction  of  the  transect  was  occasionally  altered  as  it  encountered  park  boundaries 
or  edges  of  the  plateau.   Compass  bearings  along  each  leg  of  the  transect  were 
recorded;   distance  between  plots  was  measured  with  a  surveyor's  chain.   The 
transect  began  near  Rainbow  Point  and  terminated  near  the  park  boundary  about  1  mile 
(1.61  km)  north  of  Fairyland  View  point  and  some  3  miles  (4.83  km)  northeast  of 
headquarters.   In  addition  to  vegetational  characteristics,  slope  steepness  and 
direction  of  slope  exposure  were  also  recorded  at  each  sampling  point.   Elevations 
at  sampling  points  were  taken  from  topographical  maps. 

After  data  from  the  second  sample  were  in  hand,  individual  sampling  points  were 
assigned  to  one  of  six  general  forest  types  based  on  composition  of  the  tree  layer 
at  each  point.   Finally,  several  sampling  points  within  each  forest  type  were 
randomly  chosen  for  analysis  for  soil  depth  and  other  characteristics:   those 
samples  were  taken  in  summer  of  1981.   Soil  depth  was  estimated  with  a  thin  (0.39 
inch,  1.0  cm)  diameter  steel  rod  fitted  with  a  handle  at  right  angles  to  its  length. 
The  sharpened,  3.28  ft  (1  m)  long  rod  was  pushed  into  the  soil  until  it  struck 
material  that  the  worker  could  not  penetrate.   Five  depth  samples  were  taken  at  each 
point,  one  at  the  center  and  one  in  each  corner  of  the  10.76  ft   quadrat.   Twelve 
subsamples  of  the  surface  6  inches  (1.52  dm)  soil (litter  layer  removed)  were  taken 
at  each  sampling  point  with  a  tube  sampler.   Subsamples  were  uniformly  distributed 
within  the  area  delimited  by  the  four  trees  sampled  by  the  quarter  method; 
subsamples  were  composited  for  analyses. 

RESULTS 

We  recognized  the  following  forest  types  at  Bryce  Canyon:   Pinus  ponderosa  - 
Juniperus  scopulorum  (PIPO-JUSC) ,  Pinus  ponderosa  -  Pseudotsuga  menziesii  (PIPO- 
PSME) ,  Pinus  ponderosa  -  Abies  concolor  (PIPO-ABCO) ,  Pinus  flexilis  (PIFL) , 
Pseudotsuga  menziesii  -  Abies  concolor  (PSME-ABCO) ,  and  Abies  concolor  (ABCO) . 
Pinus  ponderosa  -  Juniperus  scopulorum  forest  dominated  gently  rolling,  lower 
elevation  sites,  while  Abies  concolor  was  either  the  dominant  or  a  successionally 
aggressive  species  on  higher  elevation  sites.    Such  sites  also  tended  to  be  on 
steeper  slopes  than  those  that  supported  PIPO-JUSC  forests  (table  1) . 
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Purshia  tridentata  achieved  maximum  abundance  in  the  PIPO-JUSC  forests  at  the 
lowest  elevations  (table  2) .   Purshia  tended  to  become  less  important  as  elevation 
increased;  the  species  was  either  absent  or  performed  poorly  in  forests  where  Abies 
concolor  was  capable  of  doing  well.   Although  bitterbrush  occurred  in  20  percent  of 
the  study  plots  of  the  PIPO-ABCO  forest  type  that  occupies  shallow  soils  at  the 
highest  elevations  (table  1) ,  the  population  there  suffered  33  percent  mortality 
over  the  1959-80  period  and  was  unable  to  establish  any  new  plants  (table  2) . 

Purshia  population  densities  declined  in  all  forest  types  over  the  study  period 
(table  2) .   Average  density  loss  for  the  five  forest  types  that  had  bitterbrush  in 
1957-59  was  35.9  percent  in  20  years.   Density  losses  were  low  in  the  PIPO-JUSC 
forests  (21.4  percent)  and  maximal  in  the  PSME-ABCO  community  (100.0  percent). 
Mortality  was  high  in  the  limber  pine  forests  too,  but  there,  recruitments  equalled 
mortality  to  give  zero  change  in  density  (table  2).   In  general,  mortality  increased 
and  recruitments  declined  with  elevation. 

2 

Table  2. — Density  (individuals/10  m  )  of  various  shrub  and  subshrub  species 

in  the  forests  of  Bryce  Canyon  National  Park  in  1980.   Additional 
parameters  for  Purshia  tridentata  populations  are  given  at  the 
bottom  of  the  table.   An  asterisk  denotes  a  species  that  retains 
the  bulk  of  its  foliage  during  the  winter  (evergreen) . 


PIPO-    PIPO-  PSME-         PIPO- 

Species  JUSC     PSME      PIFL     ABCO    ABCO   ABCO 


Artemisia  nova* 
Arctostaphylos  patula* 
Berberis  repens* 
Ceanothus  martini* 
Chrysothamnus  depressus* 
Pachystima  myrsinites* 
Petradoria  pumila 
Purshia  tridentata 
Rosa  woodsii 

Symphoricarpos  oreophilus 
Tetradymia  canescens* 
Xanthocephalum  sarothrae 

Other  Purshia  parameters 

2 
Frequency  (%  in  m 

quadrats  1959)  40.3  25.0  17.2  6.9  .0    20.0 

Mortality  (%  from  1959-80)  39.3  50.0  100.0  100.0  33.3 

Recruits  (No./lO  m  )  1.4  .6  1.4  .0  .0      .0 

Density  change  (%  from 

1959-80)  -21.4  -25.0  .0  -100.0  -33.3 


a/ 
The  principie  shrubs  associated  with  Purshia  in  those  forest  types  where  it 

performed  best  were  Arctostaphylos  patula,  Berberis  repens,  Chrysothamnus  depressus, 

and  Xanthocephalum  sarothrae.   Other  species  such  as  Pachystima  myrsinites,  Rosa 

woodsii  and  Symphoricarpos  oreophilus  occurred  infrequently  with  Purshia  but 

achieved  best  development  at  higher  elevations  than  that  species  (table  2) . 
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13.3 
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.0 

.7 

16.7 

3.8 

5.9 

4.2 

.0 

25.3 

2.2 

7.5 

7.2 

11.8 

15.9 

28.7 

.0 

.0 

.0 

.7 

.0 

11.3 

6.1 

1.9 

1.4 

.0 

.0 

1.3 

.4 

.0 

3.4 

.6 

.5 

1.3 

.7 

4.4 

6.9 

7.6 

1.1 

3.4 

.8 

.0 

.0 

.0 

.0 

.0 

2.8 

.0 

.3 

.0 

.0 

4.7 

Although  Purshia  is  a  winter  deciduous  species,  most  of  the  shrub  individuals 
in  these  forests  are  evergreen.   Over  70  percent  of  the  shrub  or  subshrub  individ- 
uals were  evergreen  in  all  six  of  the  forest  types  (table  2) .   Of  the  shrub 
individuals,  95  percent  were  evergreen  in  the  most  dense  (and  presumably  darkest) 
forest  type  (white  fir) .   The  success  of  so  many  evergreen  shrub  species  in  the 
understory  of  the  Bryce  Canyon  forests  suggests  that  the  characteristic  has  some 
adaptive  value  there.   We  will  return  to  the  question  of  possible  adaptiveness  of 
evergreen  leaves. 

Over  the  21  years  of  observation,  average  understory  cover  declined  in  all  six 
of  the  forest  types  (table  1).   The  average  decline  across  all  forest  types  was  31.3 
percent.   Cover  of  all  lifeform  groups  in  the  understory  declined,  but  grasses  and 
shrubs  declined  much  more  than  forbs  (table  1).   Overall,  forbs  declined  about  9 
percent  in  relative  terms,  but  grasses  (39  percent)  and  shrubs  (37  percent)  declined 
over  four  times  faster.   Undoubtedly,  the  declines  were  strongly  influenced  by  the 
great  increases  in  forest  density  and  attendant  shading:   in  21  years,  density  of 
trees  and  saplings  roughly  doubled  on  the  average  in  Bryce  Canyon  forests  (table  1) . 
Nevertheless,  photographs  taken  in  the  initial  and  the  1978-80  sample  demonstrate 
that  many  shrub  individuals  died  and  left  no  replacements  even  in  quadrats  not 
overshadowed  by  trees  or  saplings. 

Although  Cowania,  the  other  Rosaceous  shrub  focused  in  this  symposium,  did  not 
occur  in  our  samples,  we  have  compared  soil  physical  and  chemical  parameters  in  the 
forest  zone  of  best  development  of  Purshia  in  this  study  with  similar  parameters  in 
stands  that  support  Cowania  mexicana  var.  stansburiana  in  central  Utah  (table  3). 
Purshia  is  shown  to  occur  on  deeper,  better  developed  and  more  fertile  soils  than 
Cowania  (table  3) .   The  smaller  rooting  volume  (soil  depth)  at  Cowania  sites  would 
be  expected  to  magnify  the  differences  noted  for  Cowania  and  Purshia  sites  in 
respect  to  amounts  of  essential  nutrients  per  unit  weight  of  soil.   Our  field 
experience  suggests  that  these  results  are  probably  broadly  representative  for 
habitats  occupied  by  these  species  throughout  Utah.   Cowania  is  often  on  rocky 
outcrops  or  coarse  gravels,  while  Purshia  seems  to  prefer  better  developed  soils. 
These  closely  related  species  thus  appear  to  have  diverged  along  at  least  edaphic 
and  climatic  gradients.   Modern  distribution  patterns  suggest  that  Purshia  is  more 
tolerant  of  cold  winters  and  dry  summers  than  Cowania. 

DISCUSSION 

Major  changes  have  occurred  in  the  Bryce  Canyon  National  Park  forests  during 
the  21  years  of  our  study.   Forests  have  become  more  dense  and  natural  succession 
has  altered  their  composition  .   Those  changes  have  been  associated  with  less 
dramatic,  but  nevertheless  large  changes  in  the  shrub  layers  of  the  forest  under- 
stories.   We  have  considered  response  of  only  Purshia  tridentata  here.   The  data 
provide  many  insights  into  ecological  principles  bearing  on  management  of  that 
species. 

Our  data  show  that  bitterbrush  in  Bryce  Canyon  is  most  competitive  at  eleva- 
tions below  8,200  ft  (2,500  m) .   Although  it  did  occur  above  those  elevations  at  the 
park,  it  failed  to  perform  well  there:   mortality  was  high  —  an   average  of  71 
percent  above  8,200  ft  as  opposed  to  39  percent  below  that  elevation;  and 
recruitments  were  low  —  1.30/100  ft  below  and  0.46/100  ft   above  8,200  ft.   Ream's 
(1963)  data  for  species  abundance  in  25  northern  Utah  mountain  communities  support 


Buchanan,  H.  and  K.  T.  Harper.   Successional  dynamics  of  the  forests  of  Bryce 
Canyon  National  Park,  Utah.   Unpublished  manuscript. 
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3.65^ 

+ 

1.04 

36.3^ 

+ 

7.5 

33.1^ 

+ 

7.3 

30.6^ 

+ 

4.2 

8.2^ 

+ 

0.1 

10.2^ 

+ 

14.6 

.91^ 

+ 

0.23 

.08^ 

+ 

0.02 

42.0^ 

+ 

161.0 

50.0^ 

+ 

16.0 

53.6^ 

+ 

13.9 

27.9^ 

18.3^ 

7.7^ 

+ 

8.5 

+ 

7.5 

+ 

0.4 

12.8^ 

+ 

3.8 

0.58^ 
0.02 

+ 

0.09 

+ 

0.01 

176.0^ 

+ 

102.0 

97.0^ 

+ 

121.0 

Table  3. — Soil  characteristics  in  the  ponderosa  pine- juniper  forest  type  at  Bryce 

Canyon  National  Park  and  in  the  Cowania  mexicana  var.  stansburiana  commun- 
ity in  central  Utah  (data  from  Price  and  Brotherson,  in  press) .   Means  of 
each  value  are  followed  by  their  standard  deviation.   The  same  letter  in 
superscript  denotes  means  for  any  given  parameter  that  do  not  differ 
significantly  (P   .05) 


Purshia 
(PIPO-JUSC  type)  Cowania 

Soil  depth  (dm)"""  3.65^  ±    1.04  1.79^  ±    0.74 

Soil  texture 

Sand  (%) 

Silt  (%) 

Clay  (%) 
pH 

"Available"  phosphorus  (ppm) 
Exchangeable 

Calcium  (%) 

Magnesium  (%) 

Potassium  (ppm) 

Sodium  (ppm) 

Sample  Size 8 10 

Actually  soil  penetrability  with  a  thin  probe.   Sample  size  for  this 

parameter  at  Bryce  Canyon  was  14. 
On  Bryce  Canyon  soils,  phosphorus  was  extracted  with  0.2  N  acetic  acid, 

while  in  the  Cowania  study,  the  extractant  was  sodium  bicarbonate.   The 

former  extractant  usually  frees  more  phosphorus  than  the  latter  on  common 

soil  samples. 

our  observations  at  Bryce  Canyon.   He  found  Purshia  in  greatest  abundance  below 
6,250  ft  (1,900  m)  and  lacking  completely  as  a  significant  member  of  the  vegetation 
above  7,400  ft.   Since  Ream's  (1963)  data  were  taken  about  4°    farther  north,  one 
would  expect  the  species  to  perform  best  at  lower  elevations  there  than  at  Bryce 
Canyon. 

Our  data  suggest  that  bitterbrush' s  ability  to  establish  in  marginal  habitats 
must  be  heavily  influenced  by  ephemeral,  local  conditions.   Although  the  species  had 
once  established  itself  above  7,400  ft  at  Bryce  Canyon,  high  mortality  and  poor 
reproduction  suggest  that  it  will  not  persist  in  those  forest  types.   Since  there  is 
little  evidence  for  significant  climatic  changes  in  the  Bryce  Canyon  area  during  the 
past  half  century  (McNulty  1947) ,  we  conclude  that  establishment  of  the  species  at 
the  higher  elevation  sites  must  have  been  favored  by  past  disruptions  of  the 
vegetative  cover.   Data  summarized  elsewhere  suggest  that  ground  fires  and  abusive 
grazing  by  domestic  livestock  in  the  early  part  of  this  century  probably  kept 
forests  at  Bryce  open  and  less  dark  than  at  present  . 

Others  have  earlier  noted  the  decline  of  bitterbrush  populations  across  Utah. 
As  early  as  1947,  McNulty  (1947)  described  a  widespread  failure  of  bitterbrush 
stands  to  reproduce  in  the  state.   McNulty  (1947)  blamed  the  poor  reproductive 
success  exclusively  on  overuse  by  grazing  animals.   Our  data  implicate  another  cause 
(community  succession)  for  population  declines  in  bitterbrush  populations,  even 
though  ungulate  grazers  may  also  have  been  involved. 
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We  tested  McNulty's  (1947)  hypothesis  of  grazing  pressure  (domestic  and  wild 
ungulates)  as  the  cause  for  population  decline  in  bitterbrush.   Because  domestic 
grazers  have  been  excluded  from  the  park  since  about  1937  (see  footnote  3) ,  we 
confined  our  attention  to  mule  deer,  the  only  hooved  grazing  animal  remaining  there. 
The  data  show  (table  4)  that  deer  herd  sizes  in  the  area  have  apparently  declined 
throughout  the  period  1957-80.   Harvest  rates  from  other  herd  units  of  Utah  for  the 
period  1965-72  were  2.05,  2.63,  3.70,  5.48,  and  8.56  animals/km  of  summer  range 
(North  Book  Cliffs,  Pine  Valley  Mountains,  Elk  Ridge,  LaSal  Mountains,  and  Blue 
Mountain  herd  units  respectively)  .   In  comparison,  harvest  rates  for  mule  deer  were 
2.79  (unit  50)  and  1.85  (unit  60)  animals/km  of  summer  range/year  from  1961  to 
1965,  a  period  of  heavy  harvests  for  our  study  areas.   Therefore,  deer  populations 
were  not  unusually  large  during  the  period  when  bitterbrush  populations  were 
declining  in  the  park.   Declining  hunter  success  through  the  years  also  suggests 
declining  deer  populations  (table  4) .   Admittedly,  such  data  are  difficult  to 
interpret  because  grazing  stress  is  the  result  of  an  interaction  between  number  of 
grazers  and  number  of  available  plants  per  unit  area.   Nevertheless,  it  seems  likely 
that  grazing  pressure  alone  is  not  responsible  for  the  observed  decline  in 
bitterbrush  populations  at  Bryce  Canyon  National  Park. 

Table  4. — Number  of  mule  deer  harvested  from  herd  units  that  surround  or  lie  close 

to  and  have  habitats  similar  to  those  at  Bryce  Canyon  National  Park.   Unit 
50  (Antimony)  lies  due  north  of  the  Park,  and  unit  60  (Paunsagunt  Plateau) 
includes  but  has  most  of  its  area  to  the  west  of  the  Park.   Data  are 
averaged  by  5-year  intervals  for  1951-80  for  both  units.   For  a  time,  unit 
60  was  subdivided  to  produce  60B.   We  combined  results  for  those  subunits 
for  the  years  of  their  existence.   Percent  hunter  success  in  the  regular 
season  (special  hunts  ignored)  is  also  reported  for  the  same  intervals 
used  for  harvest  data) .   Data  are  from  Utah  Division  of  Wildlife  Resources 
(1960-81)  reports. 


Time 
interval 


Herd  unit 


1951-55 
1956-60 
1961-65 
1966-70 
1971-75 

1976-80 


50 


60 


Type  of  hunt 


Harvest  %  success  Harvest  %  success 


998 

1631 

1619 

613 

569 

219 


89.0 
70.4 
67.2 
68.2 
46.6 

31.6 


282 

1429 

1988 

743 

525 

209"'' 


NA 

83.4 

59.7 

55.0 

39.4 

24.8 


Either  sex 
Either  sex 
Either  sex 
Either  sex 
Either  sex 

1974  on 
Buck  only 


1971-73;  buck  only 


area  partially  closed  in  1980, 
NA  =  data  not  available. 


Mooney  and  Gulmon's  (1982)  considerations  relative  to  leaf  duration  have 
relevance  to  this  study  in  two  ways.   Their  work  suggests  that  the  prevalence  of 
evergreen-leaved  shrubs  at  Bryce  Canyon  may  be  related  to  the  uniform  distribution 
of  precipitation  throughout  the  year  and/or  to  low  availability  of  phosphorus,  a 


Pederson,  J.  C.  and  K.  T.  Harper.   Does  summer  range  quality  influence  sex  ratios 
among  mule  deer  fawns  in  Utah?   (In  press) . 
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critical  element  for  plant  growth  (table  3) .   Also,  full  consideration  of  the 
comparative  ecology  of  Purshia  tridentata  and  Cowania  mexicana  var.  stansburiana 
must  include  evaluation  of  the  consequences  of  their  difference  in  leaf  duration. 
If  Mooney  and  Gulmon's  (1982)  conclusions  are  broadly  applicable,  one  would  predict 
that  bitterbrush  (deciduous)  should  have  higher  photosynthetic  rates  and  faster 
growth  than  its  evergreen-leaved  relative,  Cowania.   Their  generalizations  also 
suggest  that  the  leaves  of  the  former  species  should  have  higher  protein  levels  and 
be  more  palatable  to  herbivores.   Leaf  duration  may  explain  why  bitterbrush  has 
extended  its  range  far  into  the  summer-dry  Great  Basin  and  Pacific  Northwest,  while 
Cowania ' s  range  and  abundance  patterns  are  well  correlated  with  the  summer  rain  zone 
of  the  Southwest.   Those  observations  conform  to  expectations  suggested  by  the 
Mooney-Gulmon  hypothesis  relative  to  leaf  duration:   one  would  expect  the  evergreen 
species  to  perform  best  where  the  moisture  supply  was  more  uniform.   The  different 
edaphic  preferences  of  these  two  shrubs  also  fit  expectations  for  deciduous  and 
evergreen  taxa,  with  the  evergreen  species  occurring  where  nutrients  are  more 
limiting. 
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RESPONSE  OF  THE  BITTERBRUSH  UNDERSTORY  OF  A  CENTRAL  OREGON 

LODGEPOLE  PINE  FOREST  TO  LOGGING  DISTURBANCE^ 

2 
Paul  J.  Edgerton 

ABSTRACT 

Logging  and  slash  disposal  caused  extensive  soil 
disturbance  and  physical  damage  to  the  bitterbrush 
understory.   After  5  years,  substantial  recovery  had 
occurred  due  to  increased  twig  growth  of  surviving 
shrubs  and  establishment  of  shrub  seedlings  on 
disturbed  soils.   Apparent  increases  in  herbaceous 
species  added  needed  diversity  to  the  forage  resource. 

INTRODUCTION 

3 
Lodgepole  pine  (Pinus  contorta  Dougl .  ex  Loud)   forests  of  the  pumice  soil 

region  of  central  Oregon  are  important  summer  range  for  mule  deer  (Odocoileus 

heraionus  hemionus)  and  livestock.   Antelope  bitterbrush  (Purshia  tridentata  [Pursh] 

DC.)  dominates  the  understory  over  much  of  the  area  and  is  the  major  forage  species 

(Stuth  1975).   Advances  in  wood  processing  technology  have  resulted  in  the 

acceleration  of  timber  harvest  in  these  forests.   Because  the  pumice  soils  are 

easily  disturbed,  land  managers  need  a  better  understanding  of  the  impact  of  logging 

on  the  understory  in  order  to  develop  appropriate  management  strategies  that  will 

maintain  or  enhance  the  forage  resource. 

Bitterbrush  response  to  logging  disturbance  has  been  studied  on  a  timber  sale 
on  the  Pringle  Falls  Experimental  Forest  in  Oregon.   Purpose  of  the  study  was  (1)  to 
determine  the  extent  of  soil  disturbance  and  reduction  of  the  shrub  understory,  and 
(2)  to  document  subsequent  understory  recovery  due  to  growth  response  of  surviving 
shrubs  and  the  establishment  of  new  shrubs  and  herbaceous  plants.   An  earlier  paper 
(Edgerton  and  others  1975)  reported  initial  disturbance  and  understory  response.   To 
further  document  understory  recovery,  this  paper  compares  those  data  taken  2  years 
after  disturbance  with  data  collected  at  5  years. 


Paper  presented  at  the  Bitterbrush  and  Cliff rose  Symposium,  Salt  Lake  City,  UT, 
April  13-15,  1982. 

^Supervisory  Wildlife  Research  Biologist,  Pacific  Northwest  Forest  and  Range 
Experiment  Station,  Portland,  OR  97232;  author  is  located  at  the  Forestry  Sciences 
Laboratory,  Wenatchee,  WA  98801. 

^Sources  for  scientific  nomenclature  are  Little  (1953),  Hitchcock  and  others 
(1955-1969),  and  Ingles  (1965). 
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STUDY  AREA 

The  study  was  conducted  approximately  40  mi  (64  km)  southwest  of  Bend,  Oregon. 
Elevation  is  4,300  ft  (1  310  m) .   Precipitation  averages  20  inches  (50.8  cm)  annually, 
occurring  mostly  as  winter  snowfall.   Frosts  are  common  during  the  short  growing 
season. 

Soils  and  vegetation  are  characteristic  of  much  of  the  level  to  gently  rolling 
plateau.   Soils  are  Typic  Cryorthents,  belonging  to  the  Lapine  series  formed  on 
pumice  ejected  from  Mt,  Mazama  about  6,500  years  ago.   They  are  primarily  composed 
of  easily  disturbed  sand  and  pumice  gravels,  variable  in  depth,  and  underlain  by 
buried  soil  (Cochran  and  others  1967).   Lodgepole  pine  occurs  in  extensive,  nearly 
pure  stands  on  flats  and  in  shallow  depressions  where  it  is  the  topographic  climax 
species  (Berntsen  1967).   Youngberg  and  Dahms  (1970)  identified  several  forest  types 
dominated  by  lodgepole  pine  with  lodgepole  pine/bitterbrush  the  most  extensive. 
According  to  Volland's  (1976)  more  detailed  classification  of  plant  communities  of 
the  pumice  zone,  the  study  area  is  best  described  as  lodgepole  pine/bitterbrush/forb. 
Other  common  understory  plants  include  western  needlegrass  (Stipa  occidentalis  Thurb. 
ex  Wats.),  bottlebrush  squirreltail  (Sitanion  hystrix  [Nutt.]  J.  G.  Sm.),  Ross  sedge 
(Carex  rossii  Boott) ,  and  least  lupine  (Lupinus  lepidus  Dougl.). 

The  study  was  conducted  in  three  adjacent  cutting  units,  396  ft  by  2,640  ft 
(121  m  by  805  m)  in  size,  separated  by  unlogged  forest.   The  units  are  level  and 
prior  to  logging  supported  a  lodgepole  pine  forest  relatively  uniform  in  size  and 
density.   A  diameter-limit  harvest  of  trees  9  inches  (23  cm)  diameter  at  breast 
height  (dbh)  and  larger  reduced  stems  by  6  7  percent  and  basal  area  78  percent. 
Logged  stands  averaged  114  trees  per  acre  (282  per  ha)  with  20.5  ft^  (4.7  m^)  basal 
area.   Adjoining  unlogged  stands  averaged  339  trees  per  acre  (837  per  ha)  with  a 
basal  area  of  91.3  ft^  (21.0  m^) . 

Logging  and  slash  disposal  occurred  between  1969  and  1971.   Most  logs  were 
yarded  by  rubber-tired  skidders,  but  a  D-4  crawler  tractor  was  also  used.   Slash  was 
piled  by  TD-6  and  D-8  tractors  with  brush  blades  and  burned  on  two  units  in  1970  and 
on  the  remaining  one  in  1971. 

METHODS 

Prior  to  logging,  nine  randomly  located  100-ft  (30.5-m)  line  transects  were 
established  in  each  unit  and  marked  inconspicuously  to  minimize  their  influence  on 
the  operation  of  logging  equipment.   Ground  disturbance  caused  by  logging  and  slash 
disposal  was  estimated  in  November  1972  using  the  line  interception  method  (Canfield 
1941).   Changes  in  bitterbrush  crown  area  were  measured  by  the  line  intercept  method 
in  November  1967,  before  logging,  and  in  1972  and  1975,  2  and  5  years  after  logging 
and  slash  disposal. 

Comparative  growth  response  of  surviving  shrubs  was  determined  from  linear 
measurements  of  current  twig  growth  on  randomly  chosen  secondary  branches  on  30 
mature  shrubs  in  each  logged  and  adjoining  unlogged  stand.   Measurements  were  taken 
at  the  end  of  the  growing  season  and  did  not  include  lateral  spur  growth  less  than 
0.4  inch  (1  cm)  in  length. 
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Changes  in  bitterbrush  density  and  age  structure  were  determined  from  counts  of 
shrubs  on  27  circular  plots,  each  100  ft^  (9.3  m^) .   The  plots  were  systematically 
located  in  each  logged  unit  and  adjoining  unlogged  stand.   Groups  of  young  plants 
that  likely  had  emerged  from  rodent  caches  were  counted  as  single  plants  and  care 
was  taken  to  minimize  errors  due  to  layered  and  multiple  stems  commonly  found  in 
mature  bitterbrush.   Two  years  after  logging,  shrubs  were  classified  as  seedlings  1 
to  3  years  old,  and  -  3  years.   At  5  years,  they  were  classified  as  current  seedlings 
or  established  plants. 

The  data  were  studied  using  analyses  of  variance  comparing  (1)  crown  area  before 
logging  versus  2  and  5  years  after  logging,  (2)  twig  growth  in  logged  versus  unlogged 
stands,  and  (3)  shrub  densities  and  age  in  logged  versus  unlogged  stands  at  2  and  5 
years . 

Lodgepole  pine  regeneration  was  surveyed  on  27  circular  plots,  each  436  ft^ 
(40.5  m^) .   These  plots  were  systematically  located  in  each  logged  unit.   Additional 
data  were  taken  to  describe  the  development  of  associated  understory  vegetation. 
Percent  canopy  coverage  of  herbaceous  species  and  other  shrubs  was  estimated 
according  to  the  technique  described  by  Daubenmire  (1959).   Three  transects  of  30 
plots,  each  12  by  23  inches  (30.5  by  58.4  cm),  were  randomly  located  perpendicular 
to  the  long  axis  of  each  logged  unit  and  adjoining  unlogged  stand. 

RESULTS  AND  DISCUSSION 

The  initial  impact  of  logging  and  slash  disposal  on  the  soil  and  understory 
vegetation  was  severe  and  extensive:   90  percent  of  the  ground  surface  was  disturbed, 
of  which  78  percent  was  classified  as  moderate  (<  3  inches  or  7.6  cm  deep)  or  heavy 
(>  3  inches  or  7.6  cm  deep)  disturbance  (table  1).   Average  bitterbrush  crown  area 
(table  2)  was  reduced  from  15.1  percent  before  logging  to  4 . 3  percent  2  years  after 
logging,  a  relative  change  of  72  percent. 

Slash  piling  with  a  blade  apparently  caused  more  soil  disturbance  and  shrub 

i damage  than  did  log  skidding.   Although  skidding  partially  damaged  shrubs,  many 

survived.   Slash  piling,  however,  churned  soils  as  deep  as  12  inches  (30  cm)  in  the 

*  piles  and  on  fire  lanes  circling  them,  causing  most  shrubs  to  be  broken,  uprooted, 

or  buried. 

Fortunately  postlogging  recovery  of  the  shrub  understory  has  been  equally 
dramatic.   Logging  created  a  favorable  environment  for  more  vigorous  growth  of 
surviving  shrubs  as  well  as  the  germination  and  establishment  of  new  shrubs. 
Intercept  measurements  showed  that  crown  area  increased  significantly  (P  <  0.05) 
from  2  to  5  years  after  disturbance  to  equal  prelogging  values. 

Increased  twig  growth  made  an  important  contribution  to  recovery.   Current 
annual  twig  growth  of  surviving  shrubs  in  logged  units  significantly  (P  <  0.05) 
exceeded  that  of  unlogged  units  both  2  and  5  years  after  logging  (table  3). 
Surviving  shrubs  in  the  logged  areas  also  appeared  to  be  more  vigorous  and  produced 
more  twigs.   In  a  similar  plant  community,  Stuth  and  Winward  (1976)  reported  that 
terminal  and  lateral  leaders  accounted  for  71  percent  of  shrub  production  in  logged 
areas,  while  short  spurs  produced  more  than  one-half  of  the  current  production  in 
adjoining  unlogged  stands.   The  fact  that  mule  deer  and  livestock  prefer  leaders  and 
seldom  utilize  spur  growth  (Stuth  1975)  underscores  the  potential  forage  contribution 
of  logged  areas. 
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Table  1. — Ground  disturbance  due  to  logging  and  slash  disposal 


Disturbance 
class 


Description 


Percent  of  area 
in  this  condition 


None 

Light 

Moderate 

Heavy 

Slash 


No  disturbance 
Litter  displacement  only 
Soil  disturbed  <  7.6  cm 
Soil  disturbed  >  7.6  cm 
Debris  >  7.6  cm  diameter 


12 

32 

46 

2 


All  classes 
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Table  2. — Changes  in  bitterbrush  crown  area  following  logging  disturbance 


Logging 

Preloggin 

g 

Ci 

rown 

area 

unit  number 

2 

years 

5  years 

-  -  -  Percent  - 

-  -  - 

-  -  - 

-  -  - 

1 

14.9 

3.7 

21.7 

2 

14.8 

3.8 

20.4 

3 

15.5 

5.4 

18.2 

Average 

15.1 

4.3 

20.1 

Table  3. — Current  annual  growth  of  bitterbrush  twigs  in  logged  versus 
unlogged  lodgepole  pine  stands  2  and  5  years  after  logging 


Logging 
unit  number 


Twig  length 


Logged 


2  years 


5  years 


mm 


Unlogged 


2  years 


5  years 


69.2 

80.0 

68.4 

70.9 

81.1 

73.4 

35.6 

46.1 

38.8 

43.0 

30.8 

41.7 

Average 


72.9 


74.8 


35.1 


43.6 
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Rapid  establishment  of  new  shrubs,  primarily  on  moderately  and  heavily 
disturbed  soils,  is  reflected  in  shrub  population  densities  shown  in  table  4.   Just 
2  years  and  subsequently  5  years  after  loss  of  72  percent  of  the  understory,  shrub 
densities  of  logged  and  unlogged  stands  were  not  significantly  different  (P  >  0.05), 
but  there  were  significant  differences  (P  <  0.01)  in  age  structure.   Logging 
converted  an  older  mature  stand  to  one  dominated  by  younger  plants.   These 
understory  changes  are  apparent  in  the  photo  comparison  in  figure  1.   Shrubs 
established  since  logging  accounted  for  nearly  70  percent  of  bitterbrush  in  logged 
stands  but  less  than  10  percent  in  unlogged  stands. 


Table  4. — Bitterbrush  density  per  hectare  in  logged  and  unlogged  lodgepole 
pine  stands 


Age  class 


Unlogged 


Logged 
Years  after  logging 
2  years     5  years 


Current  seedlings  1,274 

Established  since  logging        2,048 
Established  before  logging      20,421 


1,593 

2,868 

13,827 

19,577 

5,641 

5,641 

All  shrubs 


23,743 


21,061 


28,086 


Shrub  densities  exceeding  8,000  per  acre  (19,760  per  ha)  found  in  this  study 
may  seem  unusually  high.   On  most  shrub-steppe  ranges,  500  to  2,000  shrubs  per  acre 
(1,235  to  4,940  per  ha)  are  considered  adequate  stocking  (Hubbard  1962).   Shrubs  in 
these  forest  communities,  however,  are  small  in  stature  and  many  of  those  beneath 
the  lodgepole  canopy  appear  suppressed  and  low  in  vigor.   Stanton  (1959)  reported 
comparable  densities  in  similar  lodgepole  communities  near  La  Pine,  Oregon. 

Successful  recovery  of  the  shrub  understory  in  these  forests  depends  on  the 
number,  size,  and  condition  of  surviving  shrubs  as  well  as  the  extent  of  soil 
disturbance  and  environmental  conditions  created  by  logging.   Stuth  and  Winward 
(19  76)  noted  that  shrubs  8  to  16  inches  (20  to  40  cm)  in  height  had  a  higher 
survival  rate  and  better  growth  response  than  did  smaller  plants.   Shrubs  taller 
than  16  inches  (40  cm)  were  more  easily  damaged  and  didn't  respond  well  to 
environmental  changes.   A  good  distribution  of  large  plants,  however,  was  suggested 
to  maintain  seed  production  for  regeneration.   Size  of  surviving  shrubs  was  not 
measured  in  this  study,  but  a  wide  range  of  size  classes  was  observed.   Ample 
regeneration  is  evidence  of  adequate  seed  production. 

Environments  of  the  logged  units  during  the  initial  two  seasons  following 
disturbance  apparently  were  conducive  not  only  to  seed  production  but  also  to 
subsequent  germination  of  rodent  caches  and  seedling  establishment.   The  partial 
tree  canopy  remaining  probably  ameliorated  harmful  minimum  growing  season 
temperatures  that  commonly  occur  in  clearcuts  in  the  pumice  region  (Cochran  and 
Others  1967).   Stuth  and  Winward  (1976)  found  a  significant  correlation  between 
density  of  successful  caches  and  cover  and/or  density  of  the  tree  overstory. 
Cochran  (1969)  reported  similar  benefits  of  the  tree  canopy  to  lodgepole  pine 
regeneration. 
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Figure  1 . --Unlogged  and  logged  lodgepole  pine-bitterbrush  forest:  (A)  Unlogged  stands 
with  mostly  mature  bitterbrush  shrubs.   (B)  Logged  stands  2  years  after  logging;  73 
percent  of  bitterbrush  were  seedlings  and  small  shrubs  established  since  logging, 
(C)  The  stands  5  years  after  logging;  80  percent  of  bitterbrush  were  seedlings  and 
young  established  shrubs.   Lodgepole  pine  established  since  logging  averaged  597  tre 
per  acre  (1,475  per  ha). 
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Apparent  increases  in  the  quantity  and  diversity  of  native  herbaceous 
vegetation  also  contributed  to  forage  recovery.   Five  years  after  disturbance, 
average  canopy  cover  of  grasses  and  sedges  was  1.9  percent  and  5.7  percent  in 
unlogged  and  logged  stands,  respectively.   Ross  sedge  and  bottlebrush  squirreltail 
made  the  largest  gains.   Several  forbs  also  were  more  abundant,  with  average  cover 
increasing  from  0.6  to  1.5  percent. 

Reforestation  is  another  important  consideration  in  evaluating  logging  impacts 
in  these  forest  communities.   Rodents,  insects,  ungulate  browsing,  harsh 
microclimates,  and  soil  factors  often  hinder  seed  production,  germination,  seedling 
establishment,  and  early  growth.   Fortunately,  5  years  after  disturbance,  these 
logged  units  averaged  597  newly  established  trees  per  acre  (1,475  per  ha)  as 
compared  to  339  mature  trees  per  acre  (837  per  ha)  in  adjoining  unlogged  stands. 
Successful  regeneration  is  the  primary  goal  of  foresters,  but  wildlife  managers 
realize  that  as  logging  progresses  into  adjacent  stands,  maintenance  of  deer  habitat 
will  depend  on  the  development  of  suitable  resting  and  escape  cover  in  previously 
harvested  stands. 


CONCLUSIONS 

Study  results  show  that  silvicultural  treatments  can  enhance  bitterbrush  and 
other  forage  species  in  central  Oregon  lodgepole  pine  forests.   Acceptable  levels  of 
soil  and  understory  disturbance  can  be  achieved  by  selection  of  appropriate  harvest 
methods  and  equipment.   Special  attention  should  be  given  to  developing  silvicultural 
prescriptions  that  ameliorate  harsh  environmental  extremes  often  limiting 
establishment  of  shrub  and  tree  seedlings. 

Where  excessive  tree  regeneration  is  thinned,  these  and  similarly  harvested 
stands  should  serve  as  important  forage  areas  for  mule  deer  and  livestock  for, 
perhaps,  15  years  or  more.   Consideration  for  other  habitat  requirements  such  as 
cover  must  be  planned  in  adjacent  stands  to  realize  full  benefit  of  this  resource. 
To  this  end,  foresters,  biologists,  and  range  managers  must  work  together  to  assure 
a  balance  of  habitats  of  appropriate  size,  arrangement,  and  stand  condition. 
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LONG-TERM  CHANGES  IN  AN  UNGRAZED  BITTERBRUSH 

PLANT  COMMUNITY  IN  SOUTHWEST  IDAHO ^ 

Robert  B.  Ferguson  and  Dean  E.  Medln^ 

ABSTRACT 

Successional  changes  and  the  effects  of  winter 
browsing  by  deer  were  evaluated  by  periodically 
sampling  the  vegetation  of  an  Idaho  winter  range 
site  dominated  by  bitterbrush.   Over  23  years  of 
study,  bitterbrush  density  decreased  while  canopy 
cover  increased.   Rabbitbrush  density  increased, 
but  canopy  cover  remained  relatively  stable. 
Effects  of  slope  exposure  on  vegetation  changes 
were  small.   Variety  of  herbaceous  perennials 
increased,  whereas  variety  of  annuals  was  static. 
Deer  use  was  not  a  significant  factor  in 
vegetation  change.   Browse  production  probably 
decreased  because  of  increasing  age  of  bitterbrush 
shrubs.   In  light  of  slow  vegetational  change 
on  bitterb rush-dominated  winter  range,  land 
managers  should  consider  rejuvenation  of  old 
stands  by  topping,  or  increasing  stand  density 
through  revegetation. 

INTRODUCTION 

During  the  1950 's  some  land  managers  believed  that  bitterbrush  (Purshia 
tridentata  Pursh  D.C.)  stands  in  southern  Idaho  were  deteriorating.   As  early  as  1929, 
this  same  opinion  was  expressed  regarding  severely  overgrazed  ranges  in  Utah  (Forsling 
and  Storm  1929).   In  Idaho,  bitterbrush  was  considered  the  most  valuable  forage  shrub 
on  many  winter  ranges  used  by  mule  deer  (Odocoileus  hemionus) ,  and  much  speculation 
existed  concerning  the  long-term  trend  of  plant  composition  where  bitterbrush  was  an 
important  component.   Winter  ranges  along  the  Middle  Fork  of  the  Salmon  River  and  the 
South  Fork  of  the  Payette  River  sustained  only  a  fraction  of  the  number  of  bitterbrush 
plants  that  had  flourished  there  during  the  1930' s  and  early  1940' s  (Holmgren  and 


^Paper  presented  at  the  Bitterbrush  and  Cliffrose  Symposium,  Salt  Lake  City,  Utah, 
April  13-15,  1982.  The  material  reported  in  this  paper  was  part  of  a  cooperative  study 
by  the  Intermountain  Forest  and  Range  Experiment  Station  of  the  USDA  Forest  Service 
and  the  Idaho  Fish  and  Game  Department  through  Federal  Aid  to  Wildlife  Restoration 
Project  W-lll-R.   The  authors  wish  to  acknowledge  the  work  of  Ralph  C.  Holmgren 
(retired),  and  Joseph  V.  Basile  (retired),  Range  Scientists,  Intermountain  Station,  in 
planning  and  establishing  the  study. 

^Range  Scientist  and  Wildlife  Biologist  at  the  Intermouj  ain  Forest  and  Range 
Experiment  Station's  Shrub  Sciences  Laboratory,  Provo,  Utah. 
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Basile  1956;  Shaw  and  Nielson  1951).   The  decline  of  bitterbrush  on  the  Payette  River 
range  was  in  part  accelerated  by  fire  that  increased  the  density  of  cheatgrass  (Bromus 
tectorum  L.),  which  in  turn  provided  severe  competition  for  bitterbrush 
seedlings.   Cicadas  also  damaged  the  bitterbrush  on  the  Payette  winter  range  in  1943. 
These  factors,  plus  the  large  deer  population  at  the  time,  resulted  in  a  large  decrease 
in  bitterbrush  stand  density  and  productivity. 

To  gain  further  insight  into  plant  succession,  and  to  compare  the  changes  in 
vegetation  resulting  from  protection  from  deer  browsing  with  those  occurring  on 
adjacent,  unprotected  areas,  the  study  reported  here  was  begun  in  1955. 


!l 


METHODS 

In  December  1953,  the  Idaho  Fish  and  Game  Department  erected  a  1-acre  (0.4-ha) 
deer-and-cattle-proof  enclosure  on  winter  range  north  of  the  Boise  River,  in  Boise 
County,  Idaho.   The  exclosure  is  located  about  0.5  mile  (0.8  km)  east  of  the  mouth  of 
Mores  Creek  at  an  elevation  of  3,200  ft  (976  m) .   The  immediate  area  is  within  a  major 
deer  migration  route  and  has  historically  sustained  heavy  concentrations  of  deer  in 
most  winters.   Livestock  grazing,  although  probably  heavy  in  past  years,  has  been 
limited  to  only  occasional  trailing  of  cattle  since  the  early  1950's.   About  60 
percent  of  the  area  within  the  exclosure  faces  primarily  southwest  and  the  remainder 
faces  east. 
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In  the  spring  of  1955,  twelve  50-ft  (15.24-m)  line  transects  were  established 
within  the  enclosure:  6  on  the  southwest  slope  and  6  on  the  east  slope.   Twelve 
comparable  line  transects  were  established  on  the  same  slopes  just  outside  the 
exclosure.   Figure  1  shows  a  portion  of  the  southwest  slope,  both  inside  and  outside 
the  exclosure,  on  which  some  of  the  transects  were  located.   Each  line  transect  also 
served  as  the  downslope  edge  of  a  4-ft  by  50-ft  (1.22-m  by  15.24-m)  belt  transect  and  aj  __ 
6-inch  by  50-ft  (15.24-cm  by  15.24-m)  belt  transect. 
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Figure  1. — Portion  of  the  southwest-facing  slope  of  the  study  area,  photographed  in 

February  1954,  a  year  before  the  study  was  started. 
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Data  were  recorded  from  the  24  transects  in  early  June  1955,  1958,  1963,  1968, 
1973,  and  1978.   The  line  transects  were  used  to  obtain  data  on  canopy  intercept  of 
shrub  species  and  basal  intercept  of  all  perennial  plant  species  (Canfield  1942). 
Canopy  intercept  was  measured  to  the  nearest  0.1  ft  (3  cm).   The  4-ft  by  50-ft  belt 
transect  was  used  to  obtain  density  of  all  perennial  plant  species.   Data  on  percent 
frequency  and  percent  composition  of  perennials  were  obtained  by  dividing  this  transect 
into  five  10-foot  (3.05-m)  segments,  and  recording  data  on  perennials  by  transect 
segments.   Data  on  percent  frequency  and  density  of  annual  species  were  similarly 
obtained  by  dividing  the  6-inch  by  50-foot  belt  transects  into  50  segments  of  1  ft 
Bach.   Constancy  of  annual  species  was  determined  as  the  percent  of  50-ft  transects  on 
^hich  each  species  was  encountered. 

RESULTS 

Shrub  Cover  and  Density 

Bitterbrush  canopy  cover  increased  slightly  more  rapidly  on  the  areas  exposed  to 
leer  browsing  than  on  the  areas  protected  by  the  exclosure.   Over  the  23-year  study, 
che  mean  canopy  cover  increased  from  24.2  to  32.2  percent  (a  30  percent  increase) 

nside  the  exclosure  compared  to  an  increase  from  16.7  to  23.0  percent  (a  38  percent 

ncrease)  outside  the  exclosure  (table  1). 

'able  1. — Mean  percent  canopy  cover  of  bitterbrush  and  rabbitbrush,  on  browsed  and 
protected  areas  and  by  aspect  of  slope,  for  each  year  of  sampling 


Year 

1955 

1958 

1963 

1968 

1973 

1978 

itterbrush 

10.6 

14.7 

13.6 

15.5 

15.9 

rowsed,    SW 

16.3 

rowsed ,    E 

22.8 

21.6 

20.5 

21.5 

26.2 

29.6 

Mean 

16.7 

18.2 

17.0 

18.5 

21.0 

23.0 

rotected,    SW 

20.5 

18.8 

22.8 

21.8 

28.4 

29.8 

rotected,    E 

27.8 

28.7 

33.7 

32.1 

32.6 

34.6 

Mean 
> ibber   rabbitbrush 

24.2 

23.8 

28.2 

27.0 

30.5 

32.2 

rowsed,    SW 

3.4 

3.3 

4.8 

3.1 

3.6 

4.7 

rowsed,    E 

7.8 

6.6 

7.0 

7.6 

6.9 

5.6 

Mean 

5.6 

5.0 

5.9 

5.4 

5.2 

5.2 

rotected,    SW 

3.4 

2.7 

4.3 

3.9 

5.7 

5.8 

rotected,    E 

1.1 

2.5 

1.9 

2.1 

2.9 

3.6 

Mean 

2.2 

2.6 

3.1 

3.0 

4.3 

4.2 

')tal   cover 

I'owsed 

22.1 

23.1 

23.0 

23.6 

25.4 

29.0 

lotected 

26.4 

26.1 

31.2 

30.0 

34.8 

36.4 

i'Uthwest   slope 

19.0 

19.8 

22.6 

22.2 

26.8 

27.8 

1  St   slope 

29.6 

29.6 

31.6 

31.6 

34.3 

37.6 
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Rubber  rabbitbrush  (Chrysothamnus  nauseosus  [Pallas]  Britt.)  was  the  only  other 
shrub  encountered  on  the  transects,  except  for  a  couple  of  golden  currant  (Ribes  aureu 
Pursh)  shrubs  on  the  east  slope,  outside  the  exclosure. 

From  1955  to  1978,  mean  canopy  cover  of  rabbitbrush  inside  the  exclosure  increase 
from  2.2  to  4.2  percent,  while  mean  canopy  cover  outside  the  exclosure  decreased  from 
5.6  to  5.2  percent.   Thus,  rabbitbrush  remained  a  relatively  stable  component  of  the 
shrub  stand  throughout  the  23  years  of  observations. 

The  effects  of  slope  exposure  on  the  bitterbrush-rabbitbrush  stand  were  small.   C 
the  southwest-facing  slope,  both  inside  and  outside  the  exclosure,  both  species 
increased  in  canopy  cover  while  the  percent  composition  remained  essentially  the  same.] 
On  the  east-facing  slope,  both  species  increased  in  canopy  cover  inside  the  exclosure, 
but  rabbitbrush  decreased  while  bitterbrush  increased  on  transects  outside  the 
exclosure. 

With  respect  to  shrub  density,  the  number  of  bitterbrush  plants  on  protected 
transects  decreased  from  41  to  33  (a  20  percent  decrease) ;  10  of  the  original  plants 
died,  but  2  new  ones  became  established.   On  unprotected  transects  the  number  of 
bitterbrush  plants  decreased  from  37  to  34  (an  8  percent  decrease) ;  6  of  the  original 
plants  died,  but  3  new  ones  became  established.   Overall,  bitterbrush  density 
decreased  from  726  to  626  per  acre  (294  to  253  per  ha) .   The  mean  height  of  bitterbru: 
shrubs  increased  approximately  the  same  amount  on  all  transects--about  9  inches  (23  ci 
over  the  23  years. 

The  number  of  rabbitbrush  plants  increased  from  8  to  27  (a  237  percent  increase) 
on  transects  inside  the  exclosure;  2  of  the  original  8  plants  died,  but  21  new  plants 
became  established.   On  transects  outside  the  exclosure,  the  rabbitbrush  plants 
increased  from  16  to  58  (a  262  percent  increase);  10  of  the  original  16  plants  died, 
but  52  new  plants  became  established. 

Cover  and  Density  of  Herbaceous  Perennials 

Total  basal  intercept  of  perennial  grasses  and  forbs  decreased  slightly,  both 
inside  and  outside  the  exclosure,  over  the  23  years  (fig.  2).   However,  the  observed 
changes  varied  according  to  slope  exposure.   On  the  southwest  slope  basal  intercept 
remained  virtually  constant  (and  very  low)  inside  the  exclosure,  but  increased  slight 
outside  the  exclosure  over  the  last  decade  of  the  study  period.   Basal  intercept  of 
herbaceous  perennials  decreased  by  nearly  an  identical  amount  on  east  slopes  inside  i 
outside  the  exclosure. 

I 

While  total  basal  intercept  apparently  declined,  except  on  the  unprotected 
southwest  slope,  total  density  of  herbaceous  perennials  (including  biennials,  but 
excluding  Sandberg  bluegrass  [Poa  secunda  Presl.],  and  needle-leaved  phlox  [Phlox 
aculeata  Nels.]),  steadily  increased  over  the  23  years  (table  2).   Density  of 
perennials  appears  to  have  increased  more  rapidly  outside  the  exclosure  than  inside, 
but  was  unaffected  by  slope. 
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Figure  2. — Percent  basal  intercept  of  herbaceous  perennials;  1955  to  1978,  according 

to  degree  of  protection  and  slope  aspect. 


Cable  2 


—Mean  density  (number  per  100  ft^)  of  herbaceous  perennials,  excluding 
Sandberg  bluegrass  and  needle-leaved  phlox 


1955 


1958 


1963 


1968 


1973 


1978 


Protected, 

SW 

1.7 

1.8 

1.4 

1.5 

7.6 

7.8 

irowsed,    SW 

.6 

1.1 

1.8 

3.5 

8.0 

10.7 

'rotected. 

E 

4.7 

2.3 

3.9 

4.3 

9.4 

8.2 

Irowsed ,    E 

4.9 

3.8 

7.1 

5.8 

17.2 

17.8 

'rotected 

3.2 

2.0 

2.6 

2.9 

8.5 

8.0 

•rowsed 

2.8 

2.4 

4.4 

4.6 

12.6 

14.2 

outhwest 

1.2 

1.4 

1.6 

2.5 

7.8 

9.2 

ast 

4.8 

3.0 

5.5 

5.0 

13.3 

13.0 
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The  number  of  species  of  herbaceous  perennials  doubled  between  1955  and  1978  on 
both  slopes  within  the  exclosure.   Outside  the  exclosure,  the  increase  in  numbers  of 
perennial  species  encountered  was  of  roughly  the  same  magnitude  as  inside  the  exclosur 
(table  3). 


Table  3. — Number  of  species  of  herbaceous  perennials  recorded  on  each  sampling  date 


1955 


1958 


1963 


1968 


1973 


1978 


Protected,  SW 
Browsed,  SW 
Protected,  E 
Browsed,  E 


8 

3 

9 

11 


7 

4 

7 

10 


9 

6 

12 

12 


6 
12 
17 


13 

16 

8 

7 

17 

18 

15 

19 

Annual  Plant  Species 

The  list  of  annual  plant  species  encountered  during  the  study  remained 
essentially  unchanged.   However,  populations  of  individual  species  fluctuated 
considerably,  as  indicated  by  frequency  data.   Cheatgrass  (Bromus  tectorum  L.) 
frequency  ranged  between  90  and  100  percent  on  all  transects  in  every  year  sampled 
except  1968,  when  it  ranged  from  90  to  100  percent  on  southwest  slopes  but  dropped  to 
mean  of  68  percent  on  east  slopes. 
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In  addition  to  the  ubiquitous  cheatgrass,  common  annual  species  on  the  study  are!  lit 
have  been  bigf lower  groundsmoke  (Gayophytum  diffusum  Torr.  &  Gray),  large-flowered 
collomia  (Collomia  grandiflora  Doug,  ex  Lindl.),  storksbill  (Erodium  cicutarium  (L) 
L'Her.),  and  bedstraw  (Galium  aparine  L.  var.  echinospermum  [Wallr. ]  Farwell) . 
Some  annuals  were  found  almost  exclusively  on  specific  exposures:  common  clarkia 
(Clarkia  rhomboidea  Dougl.)  and  desert  plectritis  (Plectritis  macrocera  [T.&G.]  Gray): 
characteristically  occupied  east  slopes;  dwarf  monkey-flower  (Mimulus  nanus  H.&A.)  wa 
found  only  on  the  southwest  slope,  while  storksbill  and  wire-stemmed  eriogonum 
(Eriogonum  vimineum  Dougl.  ex  Benth. )  were  common  on  southwest  slopes  but  very  rare  c 
east  slopes. 


DISCUSSION 

The  purpose  of  this  study  was  to  learn  more  about  the  effects  of  protection  fron 
deer  browsing  on  the  dominant  perennial  plant  species  occurring  on  the  Boise  River 
winter  range.   After  23  years  of  periodic  observations,  it  appears  that  changes  are 
only  slightly  affected  by  the  presence  or  absence  of  deer. 
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Anderson  and  Holte  (1981)  cited  several  recent  studies  suggesting  that  forest  ai 
shrub  communities  may  be  exceptionally  stable  in  the  absence  of  external  disturbances 
Their  data  from  sagebrush-dominated  rangeland  in  southeastern  Idaho  suggested  that  tl" 
population  of  dominant  shrubs  had  been  relatively  stable  over  25  years  of  protection 
from  grazing.   Voth  (1979)  found  that  changes  in  species  numbers  and  in  perennial  co'' 
were  minimal  between  1931  and  1977  on  plots  protected  from  livestock  grazing.   Some  ( 
her  data  were  from  winter  range  areas  along  the  South  Fork  of  the  Boise  River  that  wi 
similar  to  our  study  area.   On  the  other  hand,  shrub  stands  established  as  a  result  (■  " 
drastic  disturbances  (such  as  wildfire)  are  often  serai,  and  vegetative  composition 
changes  drastically  within  a  decade  or  two. 
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In  this  study,  the  stands  of  bitterbrush  inside  and  outside  the  exclosure  have 
both  decreased  in  density  and  increased  in  canopy  spread.   Thus,  the  bitterbrush 
population  is  thinning  but  the  remaining  shrubs  are  larger.   Over  the  23-year  study, 
only  five  new  bitterbrush  plants  have  become  established  on  the  0.1  acre  (0.04  ha) 
sampled.   If  this  is  representative  of  the  surrounding  area,  it  suggests  that 
approximately  two  new  bitterbrush  plants  have  become  established  per  acre,  per  year. 
Bitterbrush  reproduction  can  be  expected  to  be  poor  where  a  well-stocked  stand  of  old 
shrubs  is  complemented  with  a  dense  understory  of  cheatgrass  and  scattered  herbaceous 
perennials,  all  of  which  provide  severe  competition  and  leave  few  openings  for 
bitterbrush  seedling  establishment.   Furthermore,  the  lack  of  livestock  grazing 
(outside  the  exclosure  as  well  as  inside)  decreased  soil  disturbance  and  encouraged  the 
return  of  herbaceous  perennials. 

I     The  slightly  smaller  increase  in  canopy  cover  of  bitterbrush  inside  the  exclosure 
than  outside  might  be  expected.  This  is  because  old  bitterbrush  tend  to  reduce  annual 
twig  growth  in  favor  of  seed  production  unless  continually  stimulated  by  the  browsing 
of  animals.   The  bitterbrush  stands  on  the  study  area  were  mature  at  the  study's  start. 

The  population  of  rubber  rabbitbrush  exhibited  a  much  more  rapid  turnover  than  the 
population  of  bitterbrush;  50  percent  of  the  24  plants  tallied  in  1955  had  died  by 
1978,  but  73  new  plants  had  become  established.   More  than  200  rabbitbrush  seedlings 
^ere  tallied  on  the  southwest  slope  outside  the  exclosure  in  1955,  none  of  which 
survived  to  the  1958  sampling.   In  1968,  a  total  of  170  seedlings  were  recorded  on  all 
ransects;  10  years  later,  32  percent  of  these  plants  were  still  alive,  but  most  were 
Btill  very  small,  having  exhibited  a  mean  growth  of  1  to  2  inches  (2.5  to  5  cm)  per 
rear.      Survival  rates  among  the  1968  seedlings  were  23  percent  inside  the  exclosure,  37 
)ercent  outside,  13  percent  on  southwest  slopes,  and  39  percent  on  east  slopes. 

In  southeastern  Idaho,  Anderson  and  Holte's  (1981)  data  suggest  a  rapid  turnover 
.n  the  population  of  green  rabbitbrush  (Chrysothamnus  viscidif lorus  [Hook.]  Nutt.), 
rith  no  evidence  of  serai  replacement  of  green  rabbitbrush  after  25  years  of  protection 
:rom  livestock  grazing. 

The  measured  decrease  in  basal  intercept  of  herbaceous  perennials  on  east  slopes, 
loth  inside  and  outside  the  exclosure,  was  due  entirely  to  a  decrease  in  the  basal 

(intercept  of  Sandberg  bluegrass.   Bluegrass  basal  intercept  decreased  68  percent 
etween  1955  and  1978  (fig.  2).   However,  the  increase  recorded  in  1968  suggests  that 

(ilimatic  variability  affects  the  composition  of  a  plant  community  and  the  vigor  of 
ndividual  species  within  the  community.   Bluegrass  density  also  decreased  on  east 
lopes  by  32  percent  inside  the  exclosure  and  by  43  percent  outside.   Although  the 
ecrease  in  density  of  bluegrass  agrees  with  the  measured  decrease  in  basal  intercept, 
he  relative  accuracy  of  the  density  data  is  uncertain  because  of  the  difficulty  in 
istinguishing  individual  plants  of  Sandberg  bluegrass. 

McLean  and  Tisdale  (1972)  observed  a  decrease  in  Sandberg  bluegrass  in  several 
9-year-old  exclosures  in  British  Columbia.   Neal  (1982)  noted  that  heavy,  early  spring 
razing  by  cattle  on  deer  winter  range  in  southern  Oregon  and  northern  California 
educed  the  cover  of  all  bunchgrasses  except  Sandberg  bluegrass,  which  increased.   Both 
eal  (1982)  and  McLean  and  Willms  (1982)  cite  high  the  value  of  Sandberg  bluegrass  as 
arly  spring  forage  for  mule  deer. 


Data  from  outside  the  exclosure  show  an  overall  decrease  in  basal  intercept  of 
erbaceous  perennials  over  the  23-year  study.   However,  this  was  due  to  the  decrease  in 
easured  basal  intercept  of  Sandberg  bluegrass  on  the  east  slope,  as  mentioned  above, 
a  the  unprotected  southwest  slope,  total  basal  intercept  increased  from  0.24  percent 
n  1955  to  0.63  percent  in  1978,  due  entirely  to  an  increase  in  needle-and-thread  grass 
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(Stipa  comata  Trin.  &  Rupr.).  In  1955,  only  five  needle-and-thread  plants  were  tallie 
on  the  12  southwest  slope  transects;  this  number  increased  to  26  by  1968,  and  to  66  in 
1978. 

The  smaller  increase  in  density  of  herbaceous  perennials  inside  the  exclosure  may 
be  a  result  of  less  soil  disturbance,  which  in  turn  offers  fewer  favorable  locations 
for  the  establishment  of  seedlings  than  may  be  available  on  the  area  used  by  deer. 

Table  4  shows  the  overall  change  in  density  of  the  major  perennial  grasses  and 
forbs  between  1955  and  1978.   One  important  change  is  the  decrease  in  density  of 
balsamroot  on  both  protected  and  unprotected  east  slopes.   Balsamroot  numbers  decrease 
from  23  to  3  and  from  16  to  4  on  east  slopes  inside  and  outside  the  exclosure, 
respectively.   A  general  decrease  in  balsamroot  would  be  important  because  it  is  a  vei 
long-lived  species  and  is  a  valuable  forage  plant  on  deer  winter  ranges.   Burrell 
(1982)  found  that  balsamroot  made  up  from  6  to  22  percent  of  the  diet  of  mule  deer  in 
Washington,  with  the  use  of  balsamroot  increasing  as  the  availability  of  bitterbrush 
decreased. 


Table  4. — Overall  change  in  density  of  major  species  of  herbaceous  perennials, 

1955-1978 


Protected 

Browsed    | 

Slope  aspect                 1 

SW 

E              SW 

GRASSES 


Agropyron  inerme 
Poa  bulbosa 
Poa  secunda 
Sitanion  hystrix 
Stipa  comata 
Stipa  thurberiana 


NC 

NC 

NC 

1 


NC 
NC 

NC 


NC 

NC 

NC 

I 


FORBS 


Achillea  millefolium 
Arabis  spp. 

Balsamorhiza  sagittata 
Delphinium  spp . 
Phlox  aculeata 


BIENNIALS 


I 
I 

NC 

NC 

D 


I 
D 
I 
D 


Aster  canescens 

I 

NC 

I              1 

Erysimum 

capitatum 

— 

I 

' 

Phacelia 

heterophylla 

I 

NC 

I              l' 

^NC   = 

no  change. 

: 

^I    = 

increase. 

3d    = 

decrease. 

4 ^ 

did  not  occur. 
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CONCLUSIONS 

Data  obtained  from  vegetative  sampling   over  the  23-year  study  showed  that  deer 
use,  which  varied  from  extremely  heavy  to  light,  has  not  been  a  significant  factor 
influencing  vegetative  composition  or  the  trend  in  plant  succession.   Specifically, 
deer  use  did  not  prevent  an  increase  in  canopy  cover  or  shrub  height  of  bitterbrush, 
nor  did  deer  use  have  any  effect  on  the  canopy  cover  or  density  of  rubber  rabbitbrush. 

Although  bitterbrush  density  decreased,  individual  bitterbrush  shrubs  became 
larger.   Yet  the  shrubs  probably  are  producing  less  available  browse  for  wintering 
deer  because  of  height  and  old  age.   This  will  be  true  especially  when  snow  depth 
limits  access  to  grass  and  forb  species.   The  density  of  herbaceous  perennials  other 
than  Sandberg  bluegrass,  balsamroot,  and  needle-leaved  phlox  has  slowly  increased,  both 
inside  and  outside  the  exclosure. 

Under  those  circumstances,  managers  should  consider  either  rejuvenating  old 
bitterbrush  shrubs  by  topping  (Ferguson  and  Basile  1966;  Ferguson  1972)  or  increasing 
stand  density  and  age  class  distribution  by  seeding  or  planting  (Holmgren  and  Basile 
1959;  Medin  and  Ferguson  1980). 
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ARTIFICIAL  REVEGETATION  USING  ANTELOPE 
BITTERBRUSH--A  LAND  MANAGER'S  VIEW^ 
Robert  Carpenter^ 

ABSTRACT 

Revegetation  procedures  using  antelope  bitterbrush 
(Purshia  tridentata)  are  discussed  from  a  land  man- 
ager's point  of  view.   Since  1976,  approximately 
600,000  seedlings  have  been  transplanted  on  the  Arrow- 
rock  Front  deer  winter  range  of  the  Boise  National  Forest. 

Volunteers,  YACC,  seasonal  employees,  and  contract  labor 
have  been  employed  to  complete  the  field  work.   Items 
included  in  this  discussion  are:   acquisition  of  seed 
and  rearing,  grading, storing,  field  planting, and 
transplant  stock  procedures.   Survival  varied  greatly 
depending  on  quality  of  plants,  time  of  planting, 
and  planting  method. 

INTRODUCTION 

In  1976,  a  major  effort  to  rehabilitate  the  Arrowrock  Front  deer  winter  range 
using  antelope  bitterbrush  (Purshia  tridentata)  was  initiated.   The  area  is  located 
on  the  Boise  National  Forest  and  lies  approximately  18  air  miles  (29  km)  east  of 
Boise,  Idaho.   Topography  is  typically  steep  and  dissected.   Slope  gradients  range 
from  15  to  80  percent.   South  facing  exposures  are  dominant.   Elevation  ranges  from 
3,200  ft   (980  m)  to  5,200  ft   (1592  m) .   Soils  are  granitic,  coarse  textured,  and 
loose,  with  low  waterholding  capacity.   Annual  precipitation  averages  approximately 
19.5  inches  (49  cm). 

IDENTIFY  PLANTING  AREAS  f 

The  first  step  in  successful  big  game  rehabilitation  is  to  identify  and  select 
acceptable  planting  areas.   These  sites  are  frequently  the  more  critical  areas  for 
wintering  game  animals.   Data  collected  by  observations  during  several  years  of 
average  or  more  severe  winters  are  necessary  to  determine  the  location  of  these  ranges 
Following  this  initial  screening,  the  areas  should  be  inventoried  to  determine  soil 
and  vegetative  conditions. 


1  Paper  presented  at  Bitterbrush  and  Cliff rose  Symposium,  Salt  Lake  City,  Utah 
April  13-15,  1982. 

2  Range  Conservationist,  USDA  Forest  Service,  Boise  National  Forest,  Boise,  Idabl 
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ACQUIRING  SEED 

The  acquisition  of  seed  from  plant  populations  that  are  adapted  to  the  planting 
site  is  extremely  important.   It  is  best  to  acquire  seed  from  plants  growing  on  sim- 
ilar habitat  types  within  the  local  area.   When  this  is  not  possible,  one  should  be 
very  careful  in  selecting  seed  from  unfamiliar  seed  sources. 

The  cost  of  seed  is  dependent  upon  such  factors  as  demand,  ease  of  collection, 
and  available  seed  supplies.   A  discussion  of  seed  collection  may  be  obtained  from 
various  reports  (Schopmeyer  1974;  Shaw  1981;  Plummer  and  Jorgensen  1978).   During  the 
past  7  years,  bitterbrush  seed  costs  have  ranged  from  $4.00  per  pound  ($8.80/kg)  to 
$8.00  per  pound  ($17.60/kg).   All  seed  lots  should  be  tested  for  viability  and  germin- 
ation before  planting.   This  can  normally  be  completed  through  state  seed  laboratories 
or  private  seed  companies.   There  are  approximately  15,000  seeds  per  pound  (6800/kg)  of 
bitterbrush  seed  (USDA  1971). 


SEEDING  OR  PLANTING 

Once  an  area  has  been  selected  for  treatment  and  seed  has  been  acquired,  two 
planting  options  are  available.   Both  methods  have  economic  and  logistic  advantages 
and  disadvantages. 

1.  Seeds  may  be  planted  directly  onto  the  site.   For  more  information  on 
direct  seeding  refer  to  Medin  and  Ferguson  (1980) . 

2.  Bareroot  or  containerized  transplant  stock  can  be  propagated  or  acquired  and 
field  planted. 

Transplant  stock  can  be  grown  as  bareroot  or  containerized  plants. 

CONTAINERIZED  STOCK 

Containerized  stock  is  normally  grown  under  greenhouse  conditions.   Plants  are 
grown  in  special  mediums  composed  of  peat,  vermiculite,  and  sand.   Length  of  time  from 
seed  to  plant  varies  from  5  to  10  months  (Ferguson  and  Monsen  1975) .   Use  of  con- 
tainerized stock  on  a  large  scale  in  Idaho  Batholith  soils  has  been  thought  to  be 
unsuccessful  for  the  following  reasons: 

1.  The  soil  medium  is  not  compatible  with  the  native  soils.   The  containerized 
plant  medium  is  "spongy"  because  of  the  high  peat  and  vermiculite  content 
and  in  droughty  climates  seems  to  dry  more  rapidly  than  the  native  soils. 

2.  The  roots  tend  to  remain  in  the  potting  medium.   They  do  not  grow  quickly  into 
the  native  soils.   If  the  potting  soil  dries  out,  the  roots  die. 

BAREROOT  STOCK 

Bareroot  stock  can  be  grown  in  seed  beds  at  a  commercial  or  Forest  Service 
lursery.   At  the  Lucky  Peak  Nursery,  Boise,  Idaho,  seed  is  planted  either  in  the 
Late  fall  (normally  October)  or  in  the  early  spring.   The  seed  is  allowed  to  germ- 
Lnate  and  grow  for  one  season.   Transplants  of  adequate  size  can  be  produced  in  one 
lailjrowing  season. 
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Figure  1  illustrates  possible  planting  and  lifting  schedules  for  year-old  stock. 
Close  coordination  by  field  personnel  with  the  nursery  is  required.   Growing  periods 
may  vary  depending  on  the  location  of  the  nursery. 


MONTHS 


1981 
0  N  D 


Lifting  Bareroot  Stock 

1982 
JFMAMJJASOND 


1983 

J   F   M  A 


Pi 


Growing  Season 

Growing  Season 

P3  Growing  Season 

P^  Growing  Season 


P  =  Time  seed  is  planted 

L  =  Time  seedlings  are  lifted 


Figure  1  —  Possible  planting  and  lifting  schedules  for  year-old  bareroot  stock 


At  the  Lucky  Peak  Nursery,  plants  are  spring  lifted  between  February  20  and 
March  10,  but  may  be  fall  lifted  between  October  20  and  November  10.   Fall  lifted 
shrubs  can  be  stored  over  winter  in  nursery  storage.   Fall  lifted  seedlings  may 
be  planted  in  the  late  fall  or  early  spring.   We  have  planted  shrubs  during  all 
months  from  October  through  April  on  the  Arrowrock  Front  winter  range.   However, 
planting  from  November  20  until  February  15,  is  dependent  on  the  soils  being  thawed. 
Although  it  is  possible  to  plant  throughout  the  winter,  the  ideal  time  to  plant  is 
early  in  the  spring  to  allow  plants  to  establish  an  adequate  root  system.   This 
must  be  done  before  the  dry  summer  period.   The  seedlings  should  be  planted  so  that 
they  can  break  dormancy  at  the  same  time  as  the  native  plants.   This  allows  the 
seedling  the  maximum  amount  of  time  for  root  establishment.   The  time  frame  for 
planting  is  very  narrow. 

Grading  and  Packaging 

Following  lifting,  plants  are  taken  into  the  packing  shed  where  they  are  graded 
and  packaged.   Grading  is  the  process  of  sorting  out  the  usable  from  the  "cull"  plant: 
Variables  involved  in  grading  are: 


itor 


1.  Size  of  the  plant  stem 

2.  Size  of  the  root  system 

3.  Branching  of  the  stem 

Factor  number  3,  "branching  of  the  stem,"  seems  to  be  the  best  criterion  to  use  for 
grading  antelope  bitterbrush.   As  a  general  rule,  top  branching  indicates  an  adequate 
root  system  for  field  planting.   Figure  2  illustrates  the  variability  in  size  of 
plants  lifted  from  the  same  seedbed. 
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Figure  2.  —  Illustrates  variability  in  size  of 

bitterbrush  grown  in  the  same  seedbed 


Packaging  is  completed  at  the  nursery  immediately  following  the  sorting  and 
grading  process.  Plants  are  packaged  in  either  bags  or  crates  with  spagnum  moss 
ised  as  a  packing  medium. 


Storage  of  Lifted  Plants 

Prior  to  shipment,  plants  are  stored  in  coolers  at  the  nursery.   Plants  are 
stored  at  temperatures  between  28°  and  34°F  (-2  and  1°C)  (Dahlgreen  and  others  1974). 

Wrapping  Plants 

Seedlings  should  be  removed  from  storage  just  prior  to  planting.   Plants  in  a 
now  cache  should  be  removed  1  day  in  advance  of  planting.   This  is  particularly 
ritical  if  the  daytime  temperature  is  above  50°F  (10°C) .   Plants  removed  from  stor- 
ge  should  be  dipped  in  a  vermiculite  solution  and  wrapped  in  wet  burlap  (Dahlgreen 
nd  others  1974).   Plants  should  not  be  wrapped  more  than  2  to  3  days  before  planting, 
t  is  best  to  wrap  the  shrubs  the  night  before  planting.   The  warmer  the  weather,  the 
ore  critical  this  factor  becomes.   Wrapping  should  be  done  where  there  is  no  wind, 
o  direct  sun,  relative  humidity  is  high  and  temperature  is  low. 
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PLANTING  (SITE  PREPARATION) 

Site  preparation  is  the  first  step  in  the  actual  planting  process.  Completion  is 
reduced  by  scalping.  "Scalping"  is  the  process  of  removing  the  vegetation  from  the 
area  to  be  planted.  Tools  used  in  scalping  included  McCleods,  fire  rakes, or  hodads 
(Larson  and  Milodragoyich  1982) .  The  scalp  should  be  a  minimum  of  3ft  by  3  ft 
(.9m  by  .9m)  (Holmgren  1956).  It  is  essential  to  remove  competition  for  a  1-2  year 
period.   This  permits  the  transplant  to  establish  an  adequate  root  system. 

HAND  PLANTING 

The  final  and  most  critical  step  of  the  planting  process  is  placing  the  plant  in 
the  ground.   The  importance  of  this  step  cannot  be  overemphasized.   However,  if  the 
preceding  steps  are  not  completed  correctly  the  plant  may  already  be  doomed  when 
planted. 

All  planting  on  the  Arrowrock  Frong  has  been  accomplished  with  planting  bars. 
These  come  in  a  variety  of  shape  and  sizes.   The  most  useful  bar  for  this  site  has 
been  the  modified  KGB  bar.   The  blade  has  been  modified  to  a  14  inch  (35  cm)  blade 
length.   This  provides  adequate  depth  for  the  plants  root  system  and  usually  prevents 
plants  from  being  planted  "too  shallow."   The  steps  in  the  planting  process  are  shown 
below.   These  steps  have  been  taken  from  the  USDA,  Forest  Service  Reforestation  Hand- 
book (1971)  .   This  method  is  often  referred  to  as  "slit"  planting  and  is  not  permitted 
for  tree  planting  in  the  Intermountain  Region.   Because  of  differences  between  tree 
and  shrub  root  configuration,  slit  planting  is  a  desirable  planting  method  for  shrubs 
on  the  Arrowrock  Front.   The  following  procedure  is  used  with  the  modified  KGB  bar: 

1.  Use  both  hands  to  drive  the  bar  full  length  in  the  ground  at  the  proper  |roc 
angle  near  the  center  of  the  selected  spot.  Use  foot  on  the  step  as  needed.  I|]!f  tl 
Repeated  efforts  may  be  required  in  some  instances. 

2.  Withdraw  the  bar  1  inch  (2.5  cm).   Open  the  bottom  of  the  hole  by  pulling 
the  bar  4  to  6  inches  (10-15  cm)  toward  the  body  while  using  the  point  where 
the  bar  enters  the  ground  as  a  fulcrum. 
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3.  Force  the  bar  into  the  ground  so  the  tip  acts  as  a  fulcrum  and  push  the  bar 
6  to  8  inches  (15-20  cm)  away  from  the  body.   This  should  open  the  top  of 
a  rectangular  hole  approximately  14  x  3  x  21^  inches  (35  x  7.5  x  6  cm). 

4.  Remove  the  bar  from  the  hole  without  disturbing  the  soil  faces.   Bend  over  or  lore 
drop  to  one  knee.  ii 


5.  Carefully  remove  one  seedling  from  the  carrier,  shaking  it  gently  to  straigh-  | 
ten  the  roots.  Insert  the  shrub  in  the  hole  until  the  root  collar  is  2  inches} 
(5  cm)  below  the  soil  surface. 

6.  Raise  the  shrub  so  the  root  collar  is  level  with  the  soil  surface.   Make  sure 
the  roots  are  fully  extended  in  a  near  natural  position,  not  curled  or  twisted 

7.  Thrust  the  bar  into  the  soil  3  inches  (8  cm)  in  front  of  the  shrub  while 
holding  the  seedling  at  the  proper  depth  near  the  center  back  of  the  slit. 
Push  the  bar  forward,  forcing  dirt  into  the  top  of  the  hole,  securing  the 
seedling  in  place.   Release  the  seedling  and  stand  up. 
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8.  Drive  the  bar  full  length  into  the  soil  as  before  at  the  same  point  used 
above.   Do  not  permit  the  bar  to  angle  into  the  planting  hole. 

9.  Withdraw  the  bar  1  inch  and  pull  it  4  to  6  inches  (10-15  cm)  toward  the  body. 
This  action  closes  the  bottom  of  the  hole. 

10.  Force  the  bar  into  the  ground  so  the  tip  acts  as  a  fulcrum  and  push  the  bar 
6  to  8  inches  (15-20  cm)  away  from  the  body.   This  action  should  close  the 
top  of  the  hole,  leaving  an  open  crimp  hole. 

11.  Remove  the  bar  and  repeat  steps  8,  9,  and  10  once  or  twice  so  seedling  is 
surrounded  by  firm  soil. 

12.  Place  heel  across  last  crimp  hole  and  step  firmly  to  plug  it.   Check  for 
firmness  and  stem  position  and  proceed  to  next  spot. 

PLANTING  INSPECTION 

Major  items  to  observe  when  completing  planting  inspections  are  proper  firming 
of  soil  around  seedling  roots  and  depth  of  planting.   These  two  factors  when  not 
followed  as  outlined  account  for  90  percent  of  all  seedling  mortality  on  the  Arrowrock 
Front. 


Firmness 

Firming  the  soil  around  the  roots  is  the  most  critical  step  in  the  planting 
)rocess.   Steps  7  through  12  in  the  planting  process  need  to  be  strictly  adhered  to. 
[f  the  soil  is  not  compacted  tightly  against  the  roots,  air  spaces  will  remain, 
)lacing  tremendous  stress  upon  the  plants.   Failure  to  firm  the  soil  around  the  roots 
iccounted  for  60  percent  of  the  seedling  mortality  on  the  Arrowrock  Front. 

Depth 

The  second  major  reason  for  seedling  mortality  is  improper  planting  depth.   It 
s  much  more  harmful  to  plant  a  seedling  too  shallow  than  too  deep.   The  seedling 
hould  be  planted  with  the  root  collar  at  the  surface  of  the  soil.   The  proper  level 
s  determined  by  the  level  of  "solid  soil",  not  loose  soil  (fig.  3).   This  becomes 
ore  difficult  to  guage  as  the  steepness  of  slope  increases.   As  a  general  rule,  the 
solid  soil"  level  will  be  the  lower  or  downhill  side  of  the  planting  hole.   When 
he  planting  bar  is  used,  an  area  approximately  6  inches  (15  cm)  in  diameter  is 
isturbed.   On  steeper  slopes  this  may  amount  to  2-4  inches  (5-10  cm)  vertically. 
his  loose  soil  should' not  be  repacked  around  the  stem  as  it  is  usually  washed  away 
uring  spring  storms.   Improper  planting  depth  accounts  for  about  30  percent  of  all 
eedling  mortality. 
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Figure  3  —  Diagram  of  scalp  showing  position  of  planting  hole  and  root  collar. 

CONCLUSIONS 

Large  scale  transplanting  of  bareroot  shrub  seedlings,  primarily  antelope  bitter- 
brush,  has  been  highly  successful  on  the  Arrowrock  Front  of  the  Boise  National  Forest.' 
Between  1976  and  1982,  nearly  600,000  seedlings  were  planted.   Careful  consideration 
of  the  following  factors  determines  the  success  of  planting  projects: 

1.  Planting  site  selection. 

2.  Selection  of  seed  adapted  to  site. 

3.  Timing  of  planting. 

4.  Grading  of  plants. 

5.  Storage  and  handling  of  lifted  plants. 

6.  Planting  practices. 
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ABSTRACT 

The  response  of  a  39-year  old  seeding  of  antelope 
bitterbrush  and  perennial  grasses  in  south-central  Idaho 
is  discussed.   The  effects  of  livestock  grazing  upon 
shrub  establishment  and  survival  and  the  composition  of 
the  understory  plants  is  presented.   Natural 
establishment  of  shrub  seedlings  is  also  reported. 

INTRODUCTION 

Shrub  seedings  on  western  rangelands  were  initiated  in  the  early  1940' s  and  1950'sr- 
following  revegetation  studies  in  Idaho  (Holmgren  and  Basile  1959),  California  (Hormay  ■ 
1943),  Washington  (Brown  and  Martinsen  1959),  and  Utah  (Plummer  and  others  1957).  I 
Antelope  bitterbrush  (Purshia  tridentata)  was  soon  recognized  as  a  useful  species  to  '" 
plant  on  game  and  livestock  ranges.  Nord  and  others  (1967)  found  that  seeds  from  this 
shrub  could  be  easily  collected,  processed,  and  planted.  Holmgren  (1954)  reported  that^ 
the  seeds  germinated  uniformly  and  the  seedlings  were  quite  vigorous.  j 

Several  factors  caused  erratic  results  from  early  shrub  seedings.   Problems  often 
resulted  from  the  lack  of  satisfactory  planting  equipment.   Competition  from  annual 
weeds  and  established  perennials  reduced  shrub  seedling  survival  and  establishment     I 
(Holmgren  1956;  Hubbard  1956).   Holmgren  and  Basile  (1959)  determined  that  rodent 
depredation  of  seeds  and  small  seedlings  was  also  a  major  deterrent  to  the 
establishment  of  antelope  bitterbrush  and  other  shrubs.   In  addition,  livestock, 
rabbit,  and  game  animal  grazing  was  destructive  to  new  plantings  (Plummer  and  others 
1966).   Although  such  factors  hampered  early  plantings,  methods  were  developed  to 
minimize  these  problems  and  facilitate  seeding  of  shrubs  on  large  acreages. 

In  the  mid-1940's,  agricultural  drills  and  seeders  were  adapted  to  plant  shrubs 
and  grasses  on  game  and  livestock  ranges.   The  equipment  was  modified  to  plant  grass 
and  shrub  seed  in  separate  drill  rows  to  reduce  competition  between  the  two  classes  of 
plants.   Numerous  plantings  of  antelope  bitterbrush  and  introduced  grasses  were 
established  in  south-central  Idaho  in  the  1940's  and  1950's.   The  seeded  species  have  I 
since  reached  maturity.   Consequently,  this  study  was  instigated  to  evaluate  the 
success  of  mixed  plantings,  particularly  (1)  the  ultimate  survival  of  seeded  antelope 
bitterbrush,  (2)  recruitment  of  new  antelope  bitterbrush  plants,  and  (3)  the 
composition  and  herbage  production  of  the  seeded  and  native  species. 

METHODS 

In  summer  1942,  a  wildfire  burned  approximately  1,200  acres  (486  ha)  of  rangeland 
in  the  Willow  Creek  and  Case  Creek  drainages  of  the  Mountain  Home  Ranger  District, 
Boise  National  Forest,  Idaho.   Prior  to  burning,  the  sites  supported  a  mixed  stand  of 
mountain  big  sagebrush  (Artemisia  tridentata  ssp.  vaseyana) ,  antelope  bitterbrush,  and 


Paper  presented  at  Bitterbrush  and  Cliffrose  Symposium,  Salt  Lake  City,  Utah; 
April2l3-15,  1982. 

Botanists  at  the  USDA-Forest  Service,  Intermountain  Forest  and  Range  Experiment 
Station's  Forestry  Sciences  Laboratory  in  Boise,  ID. 
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various  bunchgrasses.   In  October  1942,  about  45  acres  (18  ha)  within  the  Case  Creek 
drainage  were  seeded  with  a  tall  upright  form  of  antelope  bitterbrush  and  a  grass-forb 
mixture  (table  1).   The  site  was  planted  by  coupling  one  10-ft  (3.1  m)  and  two  6-ft 
(1.8  m)  John  Deere  double  disc  drills  together.   Seeds  of  the  herbs  were  mixed  together 
and  planted  with  these  drills  (fig.  1).   The  antelope  bitterbrush  seed  was  planted 
separately  from  the  herbs  by  blocking  off  the  outside  portion  of  one  grain  drill  box 
and  seeding  antelope  bitterbrush  through  one  drop  of  the  drill.   Thus,  the  grasses  and 
broadleaf  herbs  were  seeded  in  a  strip  approximately  22  ft  (6.7  m)  wide. 
Antelope  bitterbrush  was  planted  in  single  rows  spaced  about  22  to  26  ft  (7  m)  apart. 
For  the  first  2  years  after  planting,  the  site  was  protected  from  livestock  grazing. 
Thereafter,  cattle  grazed  the  area  either  in  the  spring  or  early  summer. 


Table  1. — Seeding  mixture — Case  Creek  planting,  October  1942 

Seeding 
Species  seeded  Rate 


lbs/acre 

^ropyron  desertorum  3.00 

Lyrhenatherum  elatius  1 .  00 

iromus  inermis  1 .  00 

'oa  bulbosa  1 .  00 

[elilotus  officinalis  .  25 

'urshia  tridentata  1.60 


In  1946,  a  1-acre  (0.41  ha)  livestock-proof  exclosure  was  erected  to  determine  the 
ffects  of  livestock  use  on  the  seedings.   Ten  drill  rows  of  antelope  bitterbrush,  each 
pproximately  133  ft  (40.5  m)  long,  were  included  within  the  exclosure.   Counts  and 
2asurements  of  all  antelope  bitterbrush  plants  in  each  row  were  recorded  from  1949 
trough  1951.   Similar  data  were  not  recorded  for  seeded  shrubs  outside  of  the 
^closure.   However,  field  observations  were  recorded  during  each  of  the  first  7  years 
allowing  planting.   In  1981,  the  exclosure  site  was  resampled  39  years  after  planting, 
iree  outside  areas  similar  to  the  exclosure  in  aspect,  soil  conditions,  and 
rientation  of  the  exclosure  were  selected  for  study  at  this  time.   Each  outside  area 
icluded  five  adjacent  seeded  rows  of  antelope  bitterbrush,  each  133  ft  long. 

All  antelope  bitterbrush  plants  within  each  drill  row  were  individually  measured 
)  determine  their  maximum  height  and  maximum  crown.   The  number  of  seeded  shrubs  to 
rcur  in  the  protected  and  grazed  areas  are  presented  as  plants  per  acre.   A  Student's 

test  was  used  to  test  for  significant  differences  between  average  number  of  seeded 
urubs  per  row  in  the  exclosure  and  on  the  grazed  sites  (Sokal  and  Rohlf  1969). 
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Duncan ''S  Multiple  Range  Test  was  used  to  determine  differences  among  means  for  shrub 
heights  and  crowns  (Steel  and  Torrie  1960). 

In  1981,  the  cover  and  herbage  production  of  all  herbaceous  and  woody  plants  was 
estimated  using  10.8  ft   (1  m  )  square  plots.   Within  each  of  the  four  study  areas, 
four  antelope  bitterbrush  plants  were  randomly  selected  from  each  of  the  five  rows,  i 
10.8  ft   plot  was  located  directly  beneath  each  shrub.   Four  additional  plots  of  the 
same  size  were  established  adjacent  to  each  of  these  shrubs  in  a  line  perpendicular  toj 
the  shrub  row.   The  plot  centered  beneath  the  shrub  was  identified  as  quadrat  1. 
Successive  quadrats  away  from  the  shrub  were  numbered  in  sequence  from  2  through  5 
This  positioning  allowed  for  comparison  of  the  influence  of  the  overstory  shrub  on  the 
understory  composition  and  production  as  a  function  of  distance  from  the  shrub. 

The  annual  herbage  production  of  each  species  within  the  frame  was  determined  by 
ocular  estimate.   Plants  in  every  fifth  set  of  plots  were  clipped  and  weighed  as  a 
check  against  the  ocular  estimates.   Clipped  samples  were  then  air  dried  and  reweighec 
to  provide  dry  weight  conversion  factors.   Live  ground  cover  for  each  species  was 
determined  by  estimating  the  area  occupied  by  the  vertical  projection  of  stems  and 
foliage.   The  percent  cover  provided  by  litter  and  bare  ground  was  also  estimated  and 
recorded.   Production  data  were  expressed  in  grams  of  herbage  per  meter  square  plot. 
Duncan's  Multiple  Range  Test  was  used  to  determine  differences  among  the  means  of 
species  densities  and  yields  for  all  quadrat  positions  both  within  and  between  the 
protected  and  grazed  areas. 

RESULTS  AND  DISCUSSION 

In  1949,  the  first  counts  of  antelope  bitterbrush  plants  within  the  exclosure  we" 
made  7  years  after  planting  (table  2).   There  was  an  average  of  one  antelope 
bitterbrush  plant  per  7.6  linear  ft  (2.3  m)  of  seeded  row.    More  than  99  percent  of 
the  seedlings  recorded  in  19A9  survived,  counting  as  mature  plants  in  1981.   In  the 
grazed  area,  a  mean  of  one  antelope  bitterbrush  shrub  per  12  ft  (3.7  ra)  of  planted  re 
survived  in  1981.   Compared  to  the  exclosure  about  36  percent  fewer  shrubs  become 
established  in  the  grazed  areas.  ' 

Table  2. — Numbers  of  antelope  bitterbrush  plants  to  establish  and 
survive — Case  Creek,  1941  seeding. 

Exclosure  site  Grazed  areas 


1" 


1949  1950  1951  1981    1949   1950   1951    1981 

Mean  number  plants/ 

133  ft  row        17.5  17.5  17.2  17.2     —    ~    —     11.0 

Frequency  (linear 

feet  of  row/plant)  7.6  7.6  7.7  7.7                      12.0 

No.  plants/acre    197  197  194  194                       124 

Percent  survival    100  100  99.5  99.5 
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Livestock  grazing,  although  regarded  as  low  or  moderate  in  regards  to  the  amount 
of  grass  removed,  caused  a  decrease  in  the  number  of  shrubs  to  establish  and  persist. 
Few  game  animals  graze  the  study  areas  and  have  little  influence  on  plant  responses. 
Field  records  report  that  major  losses  of  shrub  seedlings  to  livestock  grazing  had 
occurred  by  1946  when  the  plants  were  less  than  4  years  old.   Field  observation 
summarized  by  Holmgren  in  1946  reported  that:  "The  palatability  of  the  shrubs  soon 
became  evident  under  light  to  moderate  use  as  determined  by  the  utilization  of  crested 
wheatgrass.   The  bitterbrush  was  grazed  heavily  and  the  removal  of  all  current  growth 
was  not  unusual."  3 

Apparently  cattle  grazing  continued  to  be  detrimental  to  shrub  survival  and  plant 
vigor  in  grazed  areas  even  after  1946.   If  the  number  of  antelope  bitterbrush  plants 
was  approximately  uniform  throughout  the  planted  area  in  1946,  then  differences  in 
plant  numbers  recorded  in  1981  in  the  grazed  and  protected  areas  could  be  due  to  the 
influence  of  continued  livestock  grazing.   Seedling  losses  attributable  to  livestock 
grazing  were  observed  from  field  inspections  for  5  to  7  years  after  planting  .    By 
1949,  cattle  grazing  had  significantly  reduced  the  size  of  the  existing  plants  (table 
3);  plants  growing  within  the  exclosure  were  nearly  double  the  size  of  the  grazed 
plants.   Undoubtedly  annual  grazing  had  a  cumulative  effect  upon  the  small  plants. 
Shrub  seedlings  that  survived  for  the  first  5  to  7  years  apparently  were 

Table  3. — Measurements  of  7-year  old  antelope  bitterbrush  plants  in  grazed  and 
protected  sites — Case  Creek,  1949. 


Treatment 


Crown      Stem 
Height   diameter   diameter 


Yield 


Grazed  areas 


al 


-inches- 
7.0^ 


0.3' 


g/plant 


Exclosure 
Alone 
With   competition" 


15.8 


19.3 


14.6 


13.2 


19.2 


11.3 


0.3 


0.5 


0.3 


35 


60^ 


25 


1 


Figures  in  the  same  column  not  sharing  the  same  letter  superscript  are 


significantly  different  at  the  .05  percent  confidence  level. 

2 

Selected  shrubs  growing  without  other  plants  within  a  30-inch  (76. 2-cm) radius. 

3 

k   Selected  shrubs  growing  with  other  plants  present  within  a  30-inch  (76. 2-cm) 

radius. 

^ 

3 
Holmgren,  R.  C.  Boise,  ID:  Data  on  file  at  the  Forestry  Sciences  Laboratory;  1946, 
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able  to  persist  even  though  cattle  grazing  continued  annually  for  nearly  40  years.   A 
satisfactory  stand  developed  even  though  the  young  plants  were  heavily  browsed  each 
year  during  the  period  of  establishment. 

Competition  from  other  shrubs  and  herbs  also  affected  the  growth  of  the  young 
antelope  bitterbrush  plants.   Shrub  seedlings  encountered  in  locations  where  no  other 
plants  occurred  within  a  30-inch  (76.2  cm)  radius  were  significantly  larger  than 
seedlings  that  existed  with  competition  (table  3).   Hubbard  and  others  (1962)  reported 
that  crested  wheatgrass  plants  found  growing  within  2  ft  (0.60  m)  of  young  antelope 
bitterbrush  reduced  shrub  vigor  and  size.   At  a  separate  planting  established  in  the 
Willow  Creek  drainage  in  1948,  many  antelope  bitterbrush  seedlings  succumbed  to  intens 
competition  from  annual  weeds  during  the  first .growing  season.   Heavy  losses  occurred 
even  in  areas  protected  from  livestock  grazing  . 

In  most  areas  throughout  the  Case  Creek  planting,  antelope  bitterbrush  was  able  t[ 
establish  and  persist  with  the  seeded  herbs.   Seeding  the  herbs  in  separate  rows  from 
the  shrubs  satisfactorily  reduced  competition  between  the  seedlings.   Seeded  shrubs 
were  uniformly  distributed  throughout  the  seeded  rows.   Plants  were  not  clumped 
together,  but  appeared  in  a  regular  pattern.   Spacing  the  seeded  row  of  bitterbrush 
approximately  10  inches  (25  cm)  from  the  adjacent  row  of  seeded  grass  provided  a 
satisfactory  20-inch  (50-cm)  buffer  for  establishment  of  the  shrub  seedlings.   Giunta 
and  others  (1975)  found  that  a  24-inch  (60  cm)  width  is  required  to  establish  shrubs  j 
areas  dominated  by  annual  cheatgrass  (Bromus  tectorum) .   Rangelands  can  be 
successfully  seeded  in  this  manner  unless  a  large  number  of  residual  plants  remain 
after  burning  or  other  treatments.   An  influx  of  annual  weeds  can  also  reduce  shrub 
seedling  survival. 
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The  combined  effects  of  biological  and  climatic  influences  upon  shrub  seedling 
emergence  and  survival  were  significant.   The  ultimate  attainment  of  mature  plants  was 
extremely  low  compared  to  the  number  of  seeds  planted.   Assuming  24,000  antelope 
bitterbrush  seeds  per  acre  were  dispersed  in  the  Case  Creek  seeding,  a  return  rate  of'™ 
only  0.008  percent  was  attained  in  the  exclosure.  This  amounts  to  about  one  plant  for 
every  120  seeds  planted.   Under  these  conditions  approximately  12  seeds  per  linear  ft 
(31  cm)  must  be  planted  to  assure  the  attainment  of  one  shrub  per  10  ft  (3.1  m)  of 
seeded  row.   This  amount  must  be  increased  if  minimal  grazing  or  other  impacts  are 
expected.   However,  Increasing  the  seeding  rate  will  not  always  compensate  for  expecti 
losses.   Competition,  drought,  or  rodent  damage  may  result  in  the  death  of  all 
seedlings  regardless  of  the  amount  of  seed  planted.   Any  disruption  of  new  seedings  c 
seriously  affect  the  success  of  the  planting. 

VEGETATIVE  RESPONSE  TO  GRAZING,  PROTECTION,  AND  SPACING 
OF  THE  SEEDED  SHRUB  ROWS 

Seeded  Antelope  Bitterbrush 

Antelope  bitterbrush  plants  growing  in  the  grazed  areas  have  been  moderately 
browsed  by  cattle.   However,  grazing  of  mature  plants  has  not  seriously  interfered  wi, 
plant  growth  (table  4).   By  1981,  shrubs  within  the  exclosure  were  approximately  15  |l' 
percent  larger  in  both  height  and  crown  spread  than  those  outside  the  exclosure. 
Grazing  of  the  shrubs  has  reduced  their  size  and  confined  the  leader  growth  into  a  mo 
compact  area.   A  major  portion  of  the  shrubs  have  now  grown  out  of  the  reach  of  the 
cattle.   However,  grazed  plants  remained  vigorous  and  productive.   Plants  within  the 
exclosure  are  widely  branched  and  provide  a  more  open  canopy. 

4 

See  footnote  1. 
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Table  4. — Average  plant  height  and  crown  diameter  of  grazed  and  protected  shrubs.  Case 
Creek,  1981. 


100 

6^ 

82 
82 

:- 

88. 

4^ 

Sampling  area Plant  height Crown  spread 

-----------  inches  --------- 

al 
Exclosure  ,  73.9 

Grazed  area  , 

Sampling  site  1  ^-'^•^k 

Sampling  site  2  58.6 

Sampling  site  3  68.2 

Figure  in  the  same  column  sharing  the  same  letter  superscript  are  not  significantly 
different  at  the  0.05  percent  confidence  level. 


It  is  important  that  seeded  antelope  bitterbrush  be  able  to  persist  through 
atural  regeneration.   To  perpetuate  themselves,  new  shrub  seedlings  must  be  able  to 
'establish  amid  the  understory  plants.   Most  seeded  grasses,  including  desert  wheatgrass 
(Agropyron  desertorum) ,  are  highly  competitive  and  may  reduce  the  recruitment  of 
Ditterbrush  seedlings.   Since  the  Case  Creek  area  was  initially  seeded  in  1942, 
approximately  205  new  shrubs  per  acre  (506  shrubs  per  ha)  have  become  established  by 
latural  reseeding  within  the  exclosure.   In  the  grazed  areas  149  new  shrubs  per  acre 
(368  plants  per  ha)  have  become  established.   The  number  of  new  shrubs  found  in  the 
grazed  areas  is  significantly  lower  than  found  in  the  exclosure  site.   The  plants 
:)riginated  from  seed  produced  by  the  mature  shrubs  that  were  established  from  the  1942 
needing.   The  new  shrubs  occur  throughout  the  strip  where  grasses  were  planted.   The 
mtry  of  shrub  seedlings  has  been  slow,  yet  the  seedlings  have  been  able  to  establish 
imid  the  seeded  and  native  bunchgrasses. 


Native  Shrubs 

The  number  and  production  of  mountain  big  sagebrush  and  rubber  rabbitbrush 
[Chrysothamnus  nauseosus)  appear  to  be  influenced  by  the  presence  of  the  seeded 
ntelope  bitterbrush.   Both  understory  shrubs  occupy  less  cover  in  quadrat  number  1, 
eneath  the  canopy  of  the  seeded  bitterbrush,  than  in  the  other  quadrats  (table  5). 
he  percent  ground  cover  and  production  of  sagebrush  and  rabbitbrush  tend  to  increase 
ith  increasing  distance  from  the  bitterbrush  rows.   Both  shrubs  attain  their  maximum 
ensity  in  the  open  areas  between  the  seeded  rows  of  antelope  bitterbrush.   Ground 
over  for  these  two  shrubs  within  and  outside  the  exclosure  was  less  than  10  percent 
or  any  quadrat  position.   In  most  instances,  no  significant  difference  in  cover  or 
erbage  production  is  recorded  for  similar  quadrat  positions  within  or  outside  of  the 
xclosure.   The  presence  of  seeded  desert  wheatgrass  has  also  been  important  in 
ontrolling  the  invasion  of  these  woody  species.   Seeding  antelope  bitterbrush  rows  at 
loser  row  spacings  may  be  a  means  to  control  the  reinvasion  and  density  of  mountain 
ig  sagebrush  and  rubber  rabbitbrush. 
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Broadleaf  Herbs 

Cover  and  production  of  perennial  forbs  was  approximately  50  percent  greater  in 
the  exclosure  than  in  the  grazed  areas  (table  6).   Silvery  lupine  (Lupinus  argenteus) , 
arrowleaf  balsamroot  (Balsamorhiza  sagittata)  and  aster  (Aster  spp.)  are  the  dominant 
forbs  in  all  areas.   The  presence  and  importance  of  these  three  perennials  increased 
with  increased  distance  from  the  seeded  shrubs.   These  plants  did  better  in  the  open 
without  the  shading  influence  of  antelope  bitterbrush.   In  contrast,  the  production  and 
percent  ground  cover  of  shade  tolerant  Montia  perfoliata  decreased  with  distance  from 
the  overstory  shrubs. 

Seeded  Grasses 

The  density  and  herbage  production  of  desert  wheatgrass  was  not  reduced  by  the 
overstory  influence  of  antelope  bitterbrush  (tables  5,  6).   Significant  differences  in 
cover  by  this  species  did  not  occur  among  quadrats  positions.   Ground  cover  provided  by 
desert  wheatgrass  was  approximately  28  percent  less  outside  the  exclosure  than  within 
the  exclosure.   In  addition,  the  outside  areas  produce  62  percent  less  herbage. 
Grazing  reduced  the  live  cover  and  significantly  decreased  grass  vigor.   Yet,  desert 
wheatgrass  has  been  able  to  persist  as  the  dominant  understory  species  in  the  grazed 
area.   It  appears  practical  to  improve  the  production  of  desert  wheatgrass  by 
decreasing  the  spacing  between  the  shrub  rows.   However,  the  optimum  spacing  for 
bitterbrush  is  not  known. 

Bulbous  bluegrass  (Poa  bulbosa)  responded  quite  differently  from  desert  wheatgrass 
to  the  presence  of  overstory  shrubs.   This  short-lived  perennial  maintained  greater 
cover  and  herbage  production  in  the  openings  than  as  an  understory  plant.   A  similar 
pattern  was  recorded  for  the  grazed  and  nongrazed  sites.   Protection  from  grazing 
resulted  in  slightly  higher  cover  and  yield  figures,  although  the  differences  were  not 
significant. 

Native  Grasses 

The  ground  cover  and  herbage  yields  for  both  Idaho  fescue  (Festuca  idahoensis)  and 
Sandberg  bluegrass  (Poa  secunda)  were  significantly  greater  in  the  quadrats  located 
away  from  the  seeded  shrubs.   These  two  grasses  require  open  conditions  to  fully 
develop.   Squirreltail  (Sitanion  hystrix)  responded  oppositely.   Plants  located 
directly  beneath  the  shrubs  were  more  productive.   The  native  grasses  were  slightly 
favored  within  the  exclosure.   However,  plant  composition  did  not  differ  significantly 
for  any  quadrat  within  or  outside  the  exclosure. 

Litter  and  Bare  Ground 

In  both  the  grazed  and  nongrazed  areas,  the  accumulation  of  litter  was 
significantly  greater  at  a  .05  percent  confidence  level  beneath  the  seeded  shrubs  than 
in  any  other  quadrat  both  within  and  outside  the  exclosure  (table  5).   Litter  in 
quadrat  1  was  65  percent  for  the  exclosure  site  and  80  percent  for  the  same  position  in 
the  grazed  area.   Within  the  exclosure  the  percent  litter  in  quadrats  two  through  five 
;^as  similar,  although  significantly  lower  than  for  quadrat  one.   In  areas  outside  the 
exclosure  a  similar  pattern  was  recorded.   However,  the  percent  litter  outside  the 
exclosure  was  less  in  quadrat  positions  2  through  5  in  comparison  to  each  similar 
quadrat  position  within  the  exclosure. 

The  average  percent  of  bare  ground  was  quite  low  for  all  quadrats  within  the 
ixclosure.   Quadrat  1  averaged  about  3  percent  bare  ground.   This  figure  increased  with 
listance  from  the  shrub.   Quadrats  in  the  grazed  areas  had  a  significantly  greater 
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percentage  of  bare  ground  than  similar  quadrats  within  the  exclosure.   Quadrat  readings 
taken  beneath  the  seeded  shrubs  were  similar  in  the  grazed  and  ungrazed  area.   However, 
the  percent  bare  ground  was  significantly  higher  in  all  other  quadrats  in  the  grazed 
areas  when  compared  to  the  protected  site.   The  percent  bare  ground  in  quadrat 
positions  2  through  5  was  similar  in  the  grazed  sites,  but  much  higher  than  for  quadrat 
1. 


CONCLUSIONS  AND  IMPLICATIONS 

Seeding  grass  and  shrub  seeds  in  separate  drill  rows  is  a  practical  method  of 
reducing  competition  between  antelope  bitterbrush  and  perennial  grass  seedlings.   Grass 
rows  should  not  be  planted  closer  than  12  to  15  inches  (30  to  38  cm)  from  the  seeded 
shrub  rows.   A  wider  spacing  of  about  24  to  30  inches  (60  to  76  cm)  is  more  beneficial. 

Few  shrub  seeds  become  established  and  develop  into  mature  plants  even  when  this 
method  of  seeding  is  used.   However,  only  a  small  return  is  required  to  produce  a 
satisfactory  stand.   Care  should  be  given  to  assure  that  seeds  are  properly  distributed 
and  positioned  in  the  soil.   Livestock  grazing  should  be  curtailed  for  1  to  4  years  to 
allow  shrub  seedlings  to  establish.   Thereafter,  grazing  should  be  carefully  regulated 
to  avoid  destruction  of  the  young  plants.   Established  stands  of  desert  wheatgrass 
limit  the  natural  regeneration  of  antelope  bitterbrush.   In  addition,  moderate  grazing 
by  cattle  in  the  spring  and  summer  months  also  reduces  shrub  seedling  establishment. 

The  presence  and  density  of  a  bitterbrush  overstory  control  the  composition  and 
yields  of  understory  herbs  and  smaller  woody  plants.  ,The  shading  provided  by  erect 
forms  of  antelope  bitterbrush  enhances  the  production  of  shade  tolerant  species.   The 
production  of  desert  wheatgrass  is  increased  while  the  yields  of  Sandburg  bluegrass  and 
Idaho  fescue  are  decreased.   Shade  tolerant  broadleaf  herbs  also  respond  positively  to 
the  canopy  coverage.   However,  certain  important  forbs  require  open  conditions  to 
attain  maximum  productivity.   Tall  antelope  bitterbrush  plants  reduce  the  density  of 
both  mountain  big  sagebrush  and  rubber  rabbitbrush.   When  seeded  with  competitive 
understory  grasses,  antelope  bitterbrush  can  be  used  to  control  these  two  woody 
species. 
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POTENTIALS  FOR  THE  MANAGEMENT  OF 
BITTERBRUSH  HABITATS  BY  THE 

USE  OF  PRESCRIBED  FIRE^ 

2 

Charles  H.  Driver 

ABSTRACT 

Observations  on  the  results  of  prescribed  fire  and 
wildfire  in  ponderosa  pine-bitterbrush-pinegrass 
habitats  indicate  potentials  for  use  in  managing 
antelope  bitterbrush.   Prescribed  burns  in  early 
spring  and  fall  when  soil  moisture  was  high  resulted 
in  vigorous  sprouting,  whereas  hot  burns  resulted  In 
seedling  establishment. 

INTRODUCTION 

Reports  on  the  ecological  characteristics  of  antelope  bitterbrush  (Purshia 
tridentata  (Pursh)  DC.)  with  respect  to  its  reaction  to  fire  appear  to  be  diverse. 
Have  we  misinterpreted  the  true  fire  ecology  of  this  species  and  thereby  possibly 
overlooked  a  tool  for  managing  this  important  shrub? 

Fire  is  commonly  reported  (Hormay  19^3;  Billings  1952)  to  be  very  destructive  to 
antelope  bitterbrush,  practically  removing  it  from  its  dominant  position  within  the 
plant  community  of  a  typical  habitat.   However,  on  some  occasions  (Nord  1965),  it  has 
been  observed  that  a  small  percentage  of  the  plants  recover  by  sprouting  after  burning 
under  the  most  "favorable  conditions."  On  these  rare  occasions  not  more  than  30 
percent  of  the  burned  plants  give  rise  to  vegetative  sprouts,  most  of  which  succumb 
before  the  end  of  the  first  growing  season.   Moreover,  a  few  reports  In  the  literature 
indicate  that  in  some  areas  of  its  natural  range,  populations  of  antelope  bitterbrush 
have  exhibited  abilities  to  sprout  reasonably  well  following  burning.   In  fact,  Clark 
(1979)  reports  30  to  50  percent  of  the  plants  of  this  species  sprouted  after  being 
burned  in  eastern  Oregon.   In  addition,  Blaisdell  (1953)  reported  individual  plants 
tended  to  continue  to  give  rise  to  sprouts  after  reburning. 

My  limited  observations  (Driver  and  others  I98O)  on  the  response  of  antelope 
bitterbrush  to  prescribed  fire  directed  me  to  the  question:   How  can  a  dominant  plant 
species  of  a  pristine  climax  vegetatlonal  community  with  a  known  history  of  frequent 
fire  occurrence  not  express  characteristics  that  ensure  its  survival  and  perpetuation? 

To  Investigate  the  possibility  of  using  fire  as  a  management  tool  for  the  culture 
of  antelope  bitterbrush  one  should  examine  the  status  of  our  knowledge  on  the  subject 
of  prescribed  fire  as  covered  by  Martin  and  Driver  (this  proceedings).   In  addition,  to 
accomplish  the  use  of  fire  as  a  management  tool  we  should  examine  Barney's  (1975) 


Paper  presented  at  the  Bitterbrush  and  Cllffrose  Symposium,  Salt  Lake  City,  Utah, 
Apri|  13-15,  1982. 

Professor  of  Forest  Resources,  College  of  Forest  Resources,  University  of 
Washington,  Seattle,  Washington. 
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definition  of  fire  management  as  the  "integrating  of  fire  related  biological, 
ecological,  physical  and  technological  Information  into  land  management  to  meet  a 
desired  objective."   I  wi 1 1  follow  this  with  Wright  and  others'  (1979)  statement  on 
fire  as  a  tool  of  management:   "One  of  the  most  fruitful  areas  within  which  to  practice 
these  concepts  is  in  that  part  of  our  wlldlands  used  for  range  and  wildlife  purposes." 

These  statements  establish  my  objectives  in  applying  the  ecological 
characteristics  of  this  important  shrub  species  In  relation  to  fire,  to  the  need  for 
Improving  the  condition  of  critical  winter  range  for  mule  deer. 

My  Initial  observations  (Driver  and  others  I98O)  on  the  abilities  of  antelope 
bitterbrush  to  sprout  following  an  early  spring  prescribed  fire  triggered  my  interest 
In  this  subject. 

Table  1  shows  the  surprising  range  of  ^0  to  100  percent  of  the  burned  bitterbrush 
plants  sprouted  vigorously  following  prescribed  fires  within  the  ponderosa 
pine-bitterbrush  habitat  In  the  early  spring.   The  study  area  was  the  Entlat  River 
drainage  designated  as  South,  located  20  miles  (32.19  km)  north  of  Wenatchee,  Wash. 
The  natural  fire  frequency  of  the  study  site  was  determined  to  be  as  low  as  6.5  to  10 
years  during  an  80-year  period  before  white  people  frequented  the  area.  When  similar 
prescribed  fires  were  tried,  however,  in  the  same  area  in  the  fall,  bitterbrush 
sprouting  was  only  observed  to  range  from  0  to  5  percent.   In  addition,  a  survey  of  all 
bitterbrush  plants  within  a  35  acre  (lA.16  ha)  area  within  a  large  summer  wildfire  site 
Indicated  only  5  percent  of  the  burned  plants  exhibited  vigorous  sprouting  3  years 
after  the  fire.   This  site  was  in  the  vicinity  of  the  prescribed  fire  area  (South);  the| 
wildfire  had  occurred  2  years  previously. 

The  effects  of  fires  on  seedling  establishment  were  evaluated.   Observations  were 
conducted  In  the  same  general  area  indicated  as  South  in  table  1,  in  which  ponderosa 
pine  fuels  resulting  from  precommercial  thinning  operations  had  been  piled  and  burned 
In  early  fall.  Within  the  char  red- remains  areas,  ranging  from  1/100  to  1/50  acre 
(^0,^7  to  80.9^  m  ),  all  vegetation  Including  pinegrass  (Calamagrost Is  rubescens 
[Buckl.])  had  been  completely  destroyed.   Three  years  after  the  burns  ,  Individual 
seedlings  were  observed  at  the  density  equal  to  300  seedlings  per  acre  (table  2).   The 
seedling  establishment  on  the  spring  prescribed  fire  plots  indicated  a  density  of  only 
50  per  acre  (12^  per  ha). 
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Table  1.    Relative  effects  of  prescribed  burns  and  wildfire  on 
sprouting  of  antelope  bitterbrush. 


Season  of 
burn 


%   Sprouting 

Preclpi  tat  ion 

range  plants 

pattern 

Location 

50-88 

Spring  snow 

North 

0-7^ 

Fal 1  ra  i  n 

s  i  te 

40-100 

Spring  snow 

South 

0-5 

Dry  fall 

si  te 

3 

Dry  summer 

South 
s  i  te 

Spring 
Fall 

Spr i  ng 
Fall 

Summer 
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Table  2.    Relative  effect  of  prescribed  burns  and  wildfire  on 
antelope  bitterbrush  seedling  establishment. 


Type  of  f i  re 


Season  of  f i  re 


Average  density/acre 


Pile  and  burn 
Prescribed  burns 

Wildfire 


Fall 

Spr  i  ng 
Fall 

Summer 


300 

50 
105 

18  of  20  plants 
flowering  at  3  years 
and  seeding  at  5  years 


Because  the  fall  burns  appeared  not  to  be  conductive  to  bitterbrush  sprouting  on 
these  South  study  sites,  soil  and  live  plant  moisture  were  probably  limiting  factors. 
Typically,  no  measurable  rainfall  occurred  in  this  area  for  the  60  day  summer  period. 
A  similar  habitat  and  area  with  a  known  early  fall  rain  pattern,  some  70  miles  (112.65 
km)  north  of  the  Entlat  site,  located  west  of  Wlnthrop,  Wash.,  was  brought  to  my 
attention  by  the  fuels  manager  officer  of  the  USDA  Forest  Service.   The  Wlnthrop 
District  fuels  management  group  had  conducted  a  series  of  spring  and  fall  prescribed 
burns  in  the  ponderosa  pine/bitterbrush/pinegrass  habitat  type  over  a  similar  3  year 
period. 

We  surveyed  the  results  of  these  prescribed  fires  on  bitterbrush  sprouting  and 
seedling  establishment.   On  transects  one  chain  wide  (66  ft  or  20.12  m)  progressing 
entirely  across  the  widest  dimension  of  the  burned  area,  all  bitterbrush  plants  were 
observed.   The  presence  and  absence  of  sprouting  was  noted  on  all  burned  plants  as  well 
as  the  occurrence  of  seedlings.   The  burned  stands  ranged  from  10  to  30  acres  (4.05  to 
12. lA  ha).   A  summary  of  the  results  is  noted  as  the  North  location  In  table  1  and  as 
fall  burns  in  table  2.   Prescribed  fire  in  the  North  sites  apparently  yielded  similar 
results  to  that  of  the  South  sites  with  relatively  high  percentages  of  burned  plant 
sprouting  after  the  spring  burns.   However,  the  fall  burns  tended  to  result  in  higher 
percent  sprouting  than  similar  burns  In  the  South  site. 

I  DISCUSSION  AND  CONCLUSIONS 

The  data  in  table  1  from  the  observed  sites  Indicate  that  prescribed  burns 

conducted  in  the  early  spring,  when  the  soil  and  live  plant  moisture  appear  to  be  high, 

tended  to  result  in  more  than  half  of  the  plants  giving  rise  to  vigorous  vegetative 
sprouting. 

Prescribed  burning  in  the  fall,  especially  at  the  South  site,  when  the  soil 
moisture  was  thought  to  be  quite  low,  resulted  In  few  of  the  burned  plants  sprouting. 
When  prescribed  burns  were  conducted  at  North  site,  which  typically  exhibited  a  late 
summer  and  early  fall  rain  pattern,  a  somewhat  higher  percentage  of  plants  sprouted. 

Bitterbrush  stand  establishment  following  fire  demonstrates  interesting  trends 
(table  2).   At  one  end  of  the  spectrum  in  the  spring  burn  sites  that  typically 
sxhibited  a  low  rainfall  pattern  following  the  fire,  only  50  seedlings  per  acre  (124 
3er  ha)  were  observed  regardless  of  location.   In  contrast  to  this  the  fall  burn  sites 
ixhibit  twice  the  density  of  seedlings.   The  explanation  for  this  latter  observation, 
lowever ,  is  complex  because  the  South  burned  more  completely  than  the  North.   The 
observations  on  the  seedling  establishment  on  the  pile  and  burn  treatment  offer 
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somewhat  of  a  lead  in  that  hot  burns  greatly  reduce  the  vegetative  competition  from 
pinegrass  for  at  least  3  years  following  the  fire.   This  effect  is  thought  to  be  a 
significant  factor  to  bitterbrush  seedling  establishment.   Regardless  of  the  true 
ecological  processes  responsible  for  these  results,  hot  burns  in  small  areas  within 
similar  habitats  appear  to  provide  for  bitterbrush  seedling  establishment. 

The  response  of  the  bitterbrush  populations  at  the  South  sites  exhibiting  vigorous 
sprouting  pose  an  interesting  question:  could  there  be  a  difference  in  this  population 
due  to  the  history  of  natural  fire  occurrence? 

Interestingly,  many  of  the  plants  that  sprouted  exhibited  lignotubers.   Daubenmire 
(197^)  describes  this  as  a  structure  that  gives  rise  to  many  adventitious  buds  and  is 
usually  located  at  the  soil  interface  on  the  main  stem  of  a  woody  plant.   Lignotubers 
have  been  commonly  observed  on  many  of  the  shrub  species  found  in  the  California 
chaparral.   The  structure  is  commonly  associated  with  woody  plants  in  communities 
typically  exposed  to  frequent  fires. 

This  indicates  that  the  population  I  have  been  observing  could  have  resulted  from 
a  long  period  of  selection  for  sprouting  abilities  by  a  history  of  high  fire  frequency. 
Such  actions  could  have  led  to  the  development  of  a  sprouting  ecotype.   This  may  have 
been  a  feasible  function  as  demonstrated  by  Blaisdell's  (1953)  report  of  high  sprouting 
rate  following  a  reburn  treatment. 

in  addition,  Blaisdell  and  Mueggler  (1956)  reported  that  sprouts  appeared  to  be 
derived  in  two  ways:   "from  an  existing  mass  of  dormant  buds  wholly  or  partly 
encircling  the  stem  at  ground  level,  or  from  a  callus  of  meristematic  tissue  formed 
beneath  the  barl<  after  treatment  and  encircling  the  stem."  The  former  description  of  I 
meristematic  tissue  appears  to  fit  that  given  by  Daubenmire  (197^)  characterizing  a 
lignotuber.   Therefore,  Blaisdell's  (1953)  and  Blaisdell  and  Mueggler's  reports  (1956), 
along  with  my  observations  appear  to  establish  the  basis  for  further  investigations 
into  the  occurrence  or  development  of  genetically  controlled  sprouting  ability  in  this 
shrub  species. 

In  conclusion,  fire  could  be  a  functional  tool  in  managing  antelope  bitterbrush  ir 
habitats  similar  to  those  in  which  these  observations  were  made.   More  specifically, 
prescribed  fire  used  in  early  spring  at  the  time  of  high  soil  moisture  should  ensure 
the  possibility  of  many  of  the  plants  of  this  species  giving  rise  to  vegetative  sprout; 
resulting  in  vigorous  growth.   Hot  fires,  especially  during  periods  of  low  soil 
moisture,  can  lead  to  seedling  establishment  if  a  seed  source  is  available.   Therefore 
many  aspects  of  fire  can  play  a  vital  role  In  the  management  of  this  vital  wildlife 
browse  shrub.   Much  more  specific  Information  Is  needed,  however,  to  accurately 
prescribe  the  conditions  for  burning  and  fully  understand  the  functions  of  fire  in 
accomplishing  the  goals  of  managing  this  vital  shrub  resource. 
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RESPONSE  OF  ANTELOPE  BITTERBRUSH  TO  BURNING  AND  SPRAYING  IN  SOUTHEASTERN  IDAHO^ 

2 
Robert  B.  Murray 

ABSTRACT 

Long-term  response  (1936-1979)  of  Purshia  tridentata  is 
reported  for  an  August  1936  prescribed  burn  and  an 
accidental  2,4-D  spray  in  1961.   On  unburned  plots 
bitterbrush  yields  in  1966  were  more  than  twice  those 
on  burned  plots.   Spraying  with  2,4-D  in  1961  resulted 
in  relatively  large  increases  in  bitterbrush  yields  in 
1966  and  declines  in  big  sagebrush  studies  on  spring 
and  late  summer  burning  are  included. 

INTRODUCTION  : 

I 

Antelope  bitterbrush  (Purshia  tridentata  Pursh.  DC)  is  a  highly  preferred  browsejl 
species  for  big  game  on  winter  ranges  in  the  Western  United  States  (Julander  and      I 
Robinette  1950;  Robinette  and  others  1952;  Hoskins  and  Dalke  1955;  and  McConnell  and  r 
Dalke  1960).   However,  on  many  winter  ranges  overgrazing,  decadence,  or  encroachment 
by  big  sagebrush  (Artemisia  tridentata  Nutt.)  has  severely  reduced  the  availability 
of  bitterbrush  for  big  game.   Prescribed  burning  and  spraying  with  herbicides  are  two 
techniques  commonly  used  by  land  managers  to  renovate  sagebrush-bitterbrush  stands  to 
make  them  more  productive.   Such  improvement  practices  as  well  as  some  wildfires  have 
not  always  been  beneficial  for  bitterbrush. 

This  paper  reports  the  long-term  results  from  burning  and  the  effects  of 
spraying  with  2,4-D  on  the  response  of  bitterbrush  and  associated  shrubs  (mountain   j 
big  sagebrush  A.  tridentata  ssp.  vaseyana;  green  rabbitbrush,  Chrysothamnus 
viscidif lorus  [Hook]  Nutt.;  and  gray  horsebrush,  Tetradymia  canescens  DC)  in 
southeastern  Idaho.   Recent  work  on  spring  versus  late  summer  burning  on  bitterbrush  I 
is  also  reported.  j 

REVIEW  OF  LITERATURE 

Work  done  in  California  (Hormay  1943)  and  in  the  Western  Great  Basin  (Billings 
1952)  showed  that  the  rarity  of  sprouting  of  bitterbrush  following  burning  in  these 
areas  would  permanently  eradicate  the  species.   Also  in  California,  Countryman  and 
Cornelius  (1957)  found  bitterbrush  was  completely  absent  from  a  burned  area  6  years 
after  wildfire,  while  on  an  adjacent  unburned  area  bitterbrush  constituted  91  percent 
of  the  vegetal  cover.   Nord  (1965)  observed  that  bitterbrush  sprouting  was  frequent 
to  abundant  on  5  of  13  burns  he  examined  in  California;  only  where  appreciable 
sprouting  occurred  was  recovery  successful.   He  concluded  that  the  recovery  process 
was  slow,  often  requiring  30  or  more  years  to  be  complete. 

In  southeastern  Idaho  Blaisdell  (1953)  reported  that  bitterbrush  production  was 
less  on  burned  areas  compared  to  unburned  areas  15  years  following  the  Fremont  County 
prescribed  burn  and  similarly  12  years  following  the  Clark  County  prescribed  burn. 
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The  areas  were  burned  in  September  1932  and  August  1936,  respectively.   In  the  year 
following  the  Fremont  County  fire  A9,  43,  and  19  percent  of  the  bitterbrush  plants 
had  sprouted  in  areas  of  light,  moderate,  and  heavy  intensity  burning,  respectively. 
However,  the  fire  reduced  the  number  of  the  original  live  plants,  which  resulted  in 
lower  production. 

In  central  Oregon  Driscoll  (1963)  reported  that  bitterbrush  sprouting  varied 
from  1  to  80  percent  of  the  plants  following  summer  wildfires.   He  concluded  that 
environmental  factors  were  more  important  in  regulating  sprouting  success  than  were 
burn  intensities.   Production  was  not  reported,  nor  has  productivity  been  followed 
over  time  for  these  burns. 

If  done  at  the  right  time,  spraying  with  herbicides  is  less  detrimental  to 
bitterbrush  than  burning.   Blaisdell  and  Mueggler  (1956)  examined  a  number  of  spray 
areas  in  southeastern  Idaho  and  found  bitterbrush  was  unharmed  on  four  sites  and  only 
slightly  damaged  on  a  fifth.   In  a  controlled  study,  Mueggler  and  Blaisdell  (1958) 
found  bitterbrush  was  severely  injured  by  burning,  but  was  favored  by  spraying  with 
2,4-D.   Spraying  with  2,4-D  before  bitterbrush  flowers  resulted  in  less  crown 
mortality  and  effective  reductions  in  big  sagebrush  (Hyder  and  Sneva  1962).   Although 
spraying  appears  to  be  more  beneficial  to  bitterbrush  than  burning,  the  accompanying 
reduction  forbs  may  not  be  desirable. 

STUDY  AREA  AND  METHODS 

Our  study  was  conducted  on  the  Upper  Snake  River  Plains  at  the  U.S.  Sheep 
Experiment  Station  approximately  11  mi  (18  km)  northeast  of  Dubois,  Idaho,  in  Clark 
County.   Blaisdell  (1953)  described  the  general  vegetal  character  prior  to  burning  as 
a  dense  stand  of  big  sagebrush  2  to  4  ft  (0.6  to  1.2  m)  high  with  a  fairly  continuous 
stand  of  perennial  grasses.   The  perennial  graminoids  were  thickspike  wheatgrass 
(Agropyron  dasystachyum  [Hook]  Scribn.),  bluebunch  wheatgrass  (A.  spicatum  [Pursh] 
Scribn.  &  Smith),  plains  reedgrass  (Calamagrostis  montanensis  Scribn.),  bluegrasses 
(Poa  L.  spp.)  and  sedges  (Carex  L.  spp.).   He  indicated  the  vegetation  composition 
was  roughly  35  percent  perennial  grasses,  5  percent  perennial  forbs,  5  percent  annual 
forbs,  40  percent  sagebrush,  15  percent  perennial  forbs,  5  percent  annual  forbs,  40 
percent  sagebrush,  and  15  percent  rabbitbrush,  horsebrush,  and  other  shrubs. 
Bitterbrush  was  a  small  component  of  the  total. 

Topography  is  typical  of  the  Upper  Snake  River  Plains  with  lava  outcrops 
interspersed  with  deeper  soil  swales.   Soils  are  derived  from  basalt  and  aeolian 
sources.   Textures  in  the  soil  surface  are  sand  to  silt  loams.   Long-term 
Drecipitation  records  at  the  headquarters  show  that  annual  precipitation  averages 
LI. 6  inches  (295  mm)  per  year,  with  extreme  variability  from  year  to  year.   May  and 
Tune  receive  the  most  precipitation  on  the  average. 

I  2       2 

r  „   In  1936,  400  plots  100  ft   (9.3  m  )  were  systematically  established  within  1 

li   (2.6  km  )  (TllN,  R37E,  Sec.  15)  area  and  were  measured  using  the  weight 

'stimate  technique  (Pechanec  and  Pickford  1937).   Current  growth  of  shrubs  was 

leasured.   In  August  1936,  the  area  was  burned.   After  burning,  each  plot  was  rated 

or  burn  intensity  using  the  following  classification:  (1)  heavy  burn  -  trunk  or  main 
:  tem  consumed  by  fire;  (2)  moderate  burn  -  larger  branches  of  sagebrush  remaining, 

ut  smaller  branches  and  twigs  consumed;  (3)  light  burn  -  smaller  branches  and  twigs 

nburned,  on  leaves  consumed  by  fire;  and  (4)  unburned  -  no  evidence  of  fire  either 

n  the  understory  or  sagebrush  crowns. 

^1    The  subsequent  years  (1937,  1939,  1948,  1966,  and  1979)  most  plots  were 
emeasured  using  the  same  weight  estimate  technique.   Some  plots  were  not  measured 
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because  of  sampling  reduction,  lost  plots,  or  reburned  plots.   The  actual  number 
measured  in  the  above  years  were  400,  400,  373,  297,  and  387,  respectively. 

A  wildfire  in  1947  burned  over  a  portion  of  the  original  area.   Therefore,  27 
plots  were  not  measured  in  1948.   An  adjacent  area  was  sprayed  with  2,4-D  in  1961  and 
some  of  the  herbicide  drifted  over  the  burn  area  affecting  150  plots.   These  plots 
were  identified  prior  to  the  1966  sampling.   In  1966  only  three-fourths  of  the  total 
plots  were  measured  in  an  effort  to  reduce  the  sampling  load.   The  difference  in  the 
numbers  of  plots  sampled  has  a  bearing  on  some  of  the  discussions  that  follow. 

Only  40  plots  contained  bitterbrush  in  1936.   These  were  associated  with  lava 
outcrops  and  swales,  and  after  burning  were  related  to  burn  intensity.   Since  there 
were  so  few  plots  in  each  classification  a  rigorous  statistical  analysis  was  not 
possible.   Therefore,  the  approach  taken  in  this  paper  has  been  to  make  inference 
based  on  trends. 

Blaisdell  (1953)  reported  the  vegetation  production  response  through  1948,  but 
did  not  make  a  separate  statistical  analysis  for  bitterbrush  because  he  believed  the 
data  were  inadequate.   Harniss  and  Murray  (1973)  evaluated  the  results  of  the  same 
burn  through  1966  and  concentrated  on  the  principal  shrubs,  but  they  did  not  consider 
the  effects  of  the  1961  spraying.   In  this  paper  the  effects  of  burning  and  spraying 
on  bitterbrush  are  reexamined  for  the  Clark  County  burn  during  the  43-year  period 
from  1936  through  1979. 

RESULTS  AND  DISCUSSION 

The  results  in  the  following  sections  are  based  on  all  plots  that  contained 
bitterbrush  in  any  one  of  the  6  measurement  years.   These  plots  are  analyzed  in  terms 
of  burn  intensities  (described  in  the  methods  section) ,  subtypes  (plots  on  lava 
outcrops  or  on  swale  areas),  and  treatments  (those  burned  in  1936,  those  burned  in 
1936  and  sprayed  in  1961).   For  each  consideration  the  data  represent  averages  for   f 
the  respective  groups. 

Effect  of  Burn  Intensities 

Yields  of  bitterbrush,  big  sagebrush,  rabbitbrush,  and  horsebrush  and  the 
percentage  of  these  yields  to  the  unburned  yields  in  1936  are  given  in  table  1. 

Prior  to  burning  in  1936,  bitterbrush  yields  averaged  13.7  lbs/acre  (15.4  kg/ha) 
and  reached  a  peak  in  1966  regardless  of  burn  intensity.   The  effects  of  burn 
intensity  continued  to  persist  as  evidenced  by  smaller  percentage  yield  increases 
with  more  intense  fires.   In  1966,  the  average  bitterbrush  yield  of  106.3  lbs/acre 
(119.1  kg/ha)  on  unburned  plots  was  more  than  twice  the  average  yield  of  burned  plots 
at  52.4  lbs/acre  (58.7  kg/ha).   Bitterbrush  yields  in  1979  declined  considerably  fron 
1966  levels  due  to  a  severe  outbreak  of  tent  caterpillar  (Malacosoma  californicum) 
from  1977  to  1979. 

Big  sagebrush  was  severely  damaged  by  burning;  until  1966  yields  on  the  burned 
plots  were  considerably  lower  than  those  on  unburned  plots.   In  1966  the  average 
yields  of  big  sagebrush  on  these  bitterbrush  plots  were  higher  than  those  in  1936 
even  though  48  percent  of  the  plots  had  been  sprayed  with  2,4-D  in  1961.   Rabbitbrusl- 
and  horsebrush  yields  were  reduced  the  year  following  burning,  but  increased  through 
1948.   A  positive  relationship  existed  in  both  species  between  yield  and  burn 
intensities.   Rabbitbrush  yield  declined  in  1966  and  1979,  while  horsebrush  yields 
increased  in  1966  than  declined  in  1979. 
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Table  1. — Mean  yields  in  pounds  per  acre  and  percentage  of  1936  yield  for 
bitterbrush,  big  sagebrush,  rabbitbrush,  and  horsebrush  in  relation  to  burn  intensity 
and  year.   U.S.  Sheep  Experiment  Station,  Dubois,  Idaho. 


Mean 

Percent 

Mean 

Percent 

Mean 

Percent 

Mean 

Percent 

Species 

Year 

yield 

of  1936 

yield 

of  1936 

yield 

of  1936 

yield 

of  1936 

Bitterbrush 

1936 

9.5 

0 

17.0 

0 

13.2 

0 

15.3 

0 

1937 

20.3 

114 

0.3 

-98 

0.0 

-100 

0.9 

-94 

1939 

51.6 

445 

12.3 

-27 

8.0 

-39 

2.2 

-86 

1948 

31.9 

237 

20.2 

19 

12.8 

-3 

10.5 

-31 

1966 

106.3 

1024 

64.5 

281 

44.3 

236 

48.4 

217 

1979 

27.2 

188 

12.4 

-27 

17.9 

36 

12.9 

-15 

Big  sagebrush 

1936 

166.9 

0 

128.6 

0 

140.0 

0 

148.1 

0 

1937 

382.3 

129 

15.2 

-88 

0.2 

-100 

0.1 

-100 

1939 

353.1 

112 

16.6 

-87 

1.2 

-99 

2.3 

-98 

1948 

399.5 

139 

46.9 

-63 

89.1 

-36 

10.5 

-46 

1966 

165.1 

-1 

197.3 

53 

187.8 

34 

156.3 

6 

1979 

171.3 

3 

163.3 

27 

164.6 

18 

176.3 

19 

Rabbitbrush 

1936 

32.5 

0 

49.7 

0 

22.5 

0 

16.4 

0 

1937 

18.4 

-43 

24.0 

-52 

22.2 

-1 

13.5 

-18 

1939 

22.7 

-30 

60.8 

22 

62.0 

176 

59.7 

264 

1948 

22.2 

-32 

69.8 

40 

53.9 

140 

67.6 

312 

1966 

11.9 

-63 

11.0 

-78 

15.4 

-31 

4.5 

-73 

1979 

11.0 

-66 

12.6 

-75 

20.3 

-10 

6.7 

-59 

Horsebrush 

1936 

8.6 

0 

19.7 

0 

17.3 

0 

28.0 

0 

1937 

7.5 

-12 

7.8 

-61 

8.8 

-49 

15.1 

-46 

1939 

12.3 

44 

18.4 

-7 

33.4 

93 

64.2 

129 

1948 

5.7 

-33 

36.0 

83 

50.9 

194 

82.6 

195 

1966 

10.3 

20 

64.4 

227 

24.0 

39 

28.6 

2 

1979 

6.1 

-29 

18.3 

-7 

14.5 

-16 

19.0 

-32 

Number  of  plots 

by  burn  intensity: 

31 

21 

36 

58 

In  1936  bitterbrush  was  present  in  40  of  the  original  400  plots  (10  percent)  and 
in  103  of  the  297  plots  (35  percent)  sampled  in  1966  (table  2).   Of  the  146  plots 
containing  bitterbrush  in  1  of  the  6  years  sampled,  27  percent  contained  bitterbrush 
in  1936  and  71  percent  in  1966.   The  occurrence  of  bitterbrush  in  plots  in  1936  and 
1977  increased  from  7  to  26  on  unburned  plots  (271  percent)  and  from  33  to  77  on 
burned  plots  (133  percent). 

Bitterbrush  was  present  in  2  of  the  33  plots  the  year  following  burning.   By 
1939  bitterbrush  had  made  substantial  yield  increases  and  was  present  in  4  additional 
lonburned  plots.   In  contrast,  yields  were  well  below  1936  levels  in  the  burned  areas 
,(table  1),  and  occurred  in  only  12  plots.   Through  1966 — 30  years  after 
turning — bitterbrush  yields  were  lower  in  plots  that  were  burned  at  higher 
Intensities. 


Blaisdell  (1953)  reported  that  bitterbrush  sprouting  was  reduced  with  higher 
)urn  intensities.   The  results  from  the  present  study  suggest  that  burn  intensity  was 
lot  the  only  important  factor  in  regulating  bitterbrush  recovery.   It  is  likely  that 
'itterbrush  became  established  from  seed  in  the  nonburned  areas  and  from  sprouting 
nd  seed  in  the  burn  areas  (table  2).   After  1939  any  increases  in  bitterbrush  were 
robably  due  to  establishment  from  seed.   Of  the  original  33  burned  plots,  only  10 
ontained  bitterbrush  in  1939,  which  suggests  that  these  are  plots  in  which 
itterbrush  sprouted.   The  others  became  established  from  seed. 


U 
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Table  2. — Number  of  plots  containing  bitterbrush  by  burn  intensity  and  year.   U.S. 


Sheep 

Expe 

riment  Station,  E 

)ubois,  Idaho. 

Year 

Unburned 

Light 

Moderate 

Heavy 

Total 

1936 

7 

6 

10 

17 

40 

1937 

5 

1 

0 

1 

7 

1939 

11 

4 

4 

4 

23 

1948 

17 

4 

7 

14 

42 

1966 

26 

15 

28 

34 

103 

1979 

18 

15 

21 

36 

90 

T  ar- 

an  A     f  mrht     \Ti 

olrlc  Tn  the     KiiT-nc 

r\     a-roac  ma^r  h 

the  establishment  of  bitterbrush  more  than  the  direct  impact  of  the  fire  itself. 
Unfortunately,  the  unusually  low  numbers  of  plots  containing  bitterbrush  at  the  time 
of  the  burn  did  not  permit  an  assessment  of  the  direct  impact.   However,  burning 
appeared  to  have  a  very  long-lasting  effect  on  bitterbrush  recovery.   This  possibly 
was  due  to  the  competitive  effects  of  the  other  vegetation. 

Between  1939  and  1948,  during  the  period  when  grass  and  forb  yields  on  the 
burned  areas  were  greatest,  only  13  new  bitterbrush  plots  were  established.   Much  of 
the  increase  in  yield  was  due  to  the  rhizomatous,  thicksplke  wheatgrass,  which  is  a 
vigorous  competitor.   The  most  establishment  came  between  1948  and  1966  as  grass  and 
forb  yields  declined  and  big  sagebrush  yields  increased.   During  this  period  52  plots 
became  established  in  the  burn  areas  (208  percent)  compared  to  9  in  the  nonburned 
areas  (53  percent).   These  figures  could  lead  the  reader  to  believe  burning  enhanced 
establishment,  but  they  are  misleading.   When  the  establishment  percentages  are 
calculated  on  the  basis  of  the  total  nonburned  and  burned  plots,  then  50  percent  of 
the  nonburned  plots  contained  bitterbrush  compared  to  31  percent  in  burned  areas. 

In  1979  there  was  a  reduction  in  the  number  of  plots  containing  bitterbrush  due 
to  a  severe  infestation  of  tent  caterpillar.   However,  there  is  evidence  to  suggest 
establishment  was  continuing  between  1966  and  1979.   Of  the  103  plots  with 
bitterbrush  in  1966,  46  did  not  contain  bitterbrush  in  1979;  and  33  plots  devoid  of 
bitterbrush  in  1966  contained  bitterbrush  in  1979.   If  one  could  assume  no  loss  from 
tent  caterpillar  while  incorporating  the  gain  from  newly  colonized  plots,  nearly  45 
percent  of  the  plots  would  have  contained  bitterbrush  in  1979. 

Effect  of  Burning  and  Spraying 

Yields  of  the  four  species  and  percentages  of  1936  yields  are  shown  in  table  3 
for  plots  that  were  burned  in  1936,  and  for  plots  that  were  both  burned  in  1936  and 
sprayed  with  2,4-D  in  1961. 

Bitterbrush  yields  in  1966  were  620  percent  greater  than  1936  yields  on  sprayed 
plots  compared  to  241  percent  greater  yield  for  nonsprayed  plots.   On  sprayed  plots 
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Table  3. — Mean  yields  in  pounds  per  acre  and  percentage  of  1936  yield  for 
bitterbrush,  big  sagebrush,  rabbitbrush,  and  horsebrush  in  relation  to  burning  only 
and  burning  plus  spraying  with  2,4-D.   U.S.  Sheep  Experiment  Station,  Dubois,  Idaho, 


Bitterbrus 

ih 

Big 

sagebrush 

Rabbitbrush 

Horsebi 

rush 

Mean 

Percent 

Mean 

Percent 

Mean 

Percent 

Mean 

Percent 

Treatment 

Year 

yield 

of 

1936 

yield 

of  1936 

yield 

of  1936 

yield 

of 

1936 

Burned  1936 

1936 

13.2 

0 

141.3 

0 

37.4 

0 

20.0 

0 

1937 

6.9 

-48 

78.1 

-45 

26.9 

-28 

10.5 

-47 

1939 

16.3 

24 

77.0 

-46 

72.2 

93 

33.9 

70 

1948 

16.5 

25 

134.0 

-5 

77.5 

107 

48.5 

143 

1966 

45.0 

241 

243.7 

72 

16.5 

-56 

30.3 

52 

1979 

21.1 

59 

131.1 

-7 

15.2 

-59 

15.4 

-23 

Burned  1936+ 

1936 

10.3 

0 

152.3 

0 

11.4 

0 

21.8 

0 

Sprayed  1961 

1937 

1.5 

-85 

97.4 

-36 

8.3 

-27 

12.2 

-44 

1939 

8.4 

-18 

87.3 

-43 

24.6 

116 

47.7 

119 

1948 

23.2 

126 

174.5 

15 

38.1 

234 

61.1 

181 

1966 

73.9 

620 

84.1 

-45 

1.7 

-85 

28.4 

30 

1979 

7.0 

-32 

219.1 

44 

4.6 

-59 

15.6 

-28 

Table  4. — Number  of  plots  containing  bitterbrush  by  treatment  and  year.   U.S.  Sheep 
Experiment  Station,  Dubois,  Idaho* 

Year Burned  only Burned  and  sprayed 

1936  21  15 

1937  •  2  3 
1939  10  11 
1948  25  17 
1966  43  53 
1979                          49  35 


*Does  not  include  plots  reburned  in  1947 

big  sagebrush  yields  declined  from  174.5  to  84.1  lbs/acre  (195.6  to  943.  kg/ha)  (107 
percent)  compared  to  an  increase  from  134.0  to  243.7  lbs/acre  (150.2  to  273.1  kg/ha) 
(82  percent)  on  nonsprayed  plots  between  1948  and  1966.   There  were  greater 
reductions  in  rabbitbrush  and  horsebrush  yields  between  1948  and  1966  on  sprayed 
plots  than  on  nonsprayed  plots.   In  addition,  the  occurrence  of  bitterbrush  in 
sprayed  plots  increased  from  17  to  53  (212  percent)  compared  to  an  increase  from  25 
to  43  (72  percent)  on  nonsprayed  plots  over  this  same  time  period  (table  4). 

Spraying  in  1961  resulted  in  increases  in  yield  by  bitterbrush  and  decreases  by 
other  shrub  species.   Most  of  the  yield  increases  were  due  to  reduced  competition 
from  the  other  shrubs.   Spraying  also  permitted  greater  establishment  compared  to  the 
nonsprayed  areas.   While  the  occurrence  of  bitterbrush  on  sprayed  plots  increased  212 
percent  and  72  percent  in  nonsprayed  plots  between  1948  and  1966,  it  is  noteworthy 
that  bitterbrush  disappeared  from  39  plots  in  sprayed  areas  between  1948  and  1966 
compared  to  19  in  nonsprayed  areas.   Although  it  is  not  possible  to  determine  exactly 
''hen  the  plots  became  established,  the  yields  in  many  plots  in  1966  were  quite  low, 
suggesting  that  establishment  was  recent  and  probably  occurring  after  spraying. 

One  might  expect  that  spraying  and  burning  would  have  a  similar  effect  on 
establishment  due  to  increased  grass  production.   An  explanation  for  the  greater 
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establishment  of  bitterbrush  on  the  sprayed  areas  is  elusive.   One  explanation  is 
that  establishment  may  have  proceeded  immediately  following  spraying  and  before 
competition  from  grasses  became  severe. 

Effect  of  Site 

Mean  yields  and  percentages  of  the  1936  yields  for  the  four  shrub  species  are 
given  in  table  5. 

Bitterbrush  yields  were  greater  in  all  years  on  plots  associated  with  lava 
outcrops  compared  to  plots  in  swales.   The  increase  in  numbers  of  plots  containing 
bitterbrush  from  1936  to  1966  was  137  percent  in  lava  outcrop  sites  and  200  percent 
in  swales  (table  6).   However,  when  viewed  relative  to  the  total  number  of  plots, 
bitterbrush  occurred  in  56  percent  of  the  plots  in  the  rocky  sites  compared  to  21 
percent  of  the  plots  located  in  the  swales.   Undoubtedly,  postburn  responses  of  other 
vegetation  influenced  the  establishment  of  bitterbrush  through  1948.   Thereafter,  a 
greater  increase  occurred  proportionately  in  the  swale  areas.   Part  of  the  increase 
was  due  to  the  effect  of  spraying. 

Table  5. — Mean  yields  in  pounds  per  acre  and  percentage  of  1936  yield  for 
bitterbrush,  big  sagebrush,  rabbitbrush,  and  horsebrush  in  relation  to  lava  outcrops 
and  swale  sites.   U.S.  Sheep  Experiment  Station,  Dubois,  Idaho. 


Bitterbrush 


Big  sagebrush 


Rabbitbrush 


Horsebrush 


Subtype 


Mean   Percent 
Year  yield  of  1936 


Mean   Percent 
yield  of  1936 


Mean   Percent 
yield  of  1936 


Mean   Percent 
yield  of  1936 


Lava  outcrops 


1936 
1937 
1939 
1948 
1966 
1979 


20.3 
8.0 
27.7 
28.9 
98.3 
28.7 


0 

-60 

37 

43 

385 

42 


153.3 
80.4 
79.8 
155.5 
200.8 
172.0 


0 

-48 

-48 

1 

31 

12 


31.9 
22.9 
64.0 
50.1 
11.3 
16.6 


0 
-28 
100 
57 
-65 
-48 


14.9 
8.2 
29.2 
36.5 
29.1 
10.3 


( 

-4! 

9( 

14!; 

3! 
-3:: 


Swales 


1936 

7.0 

0 

141.0 

0 

20.0 

0 

25.4 

1937 

1.2 

-82 

86.6 

-39 

13.2 

-34 

13.7 

-4 

1939 

2.0 

-59 

77.4 

-45 

40.5 

103 

49.4 

9 

1948 

8.0 

15 

135.1 

-4 

60.0 

200 

67.9 

16 

1966 

23.6 

240 

141.1 

0 

7.8 

-61 

37.8 

4 

1979 

4.9 

-29 

169.0 

20 

6.7 

-67 

20.1 

-2 

Table  6. — Number  of  plots  and  percentage  of  1936  numbers  in  relation  to  lava  outcrop 
and  swale  sites.   U.S.  Sheep  Experiment  Station,  Dubois,  Idaho. 


Lava 

outcrop 

Swales 

Year 

Number 

Percent 

Number 

Percent 

1936 

27 

100 

13 

100 

1937 

5 

19 

2 

15 

1939 

17 

63 

6 

46  \ 

1948 

28 

103 

14 

108 

1966 

64 

237 

39 

300 

1979 

51 

189 

39 

300 
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In  the  swales  areas  51  percent  of  the  plots  contained  bitterbrush  for  the  first 
time  in  1966  compared  to  21  percent  in  the  rocky  areas.   All  plots  were  sprayed 
suggesting  spraying  may  have  had  an  important  influence  on  the  establishment  of 
bitterbrush. 

Prior  to  burning  in  1936,  bitterbrush  occurred  in  more  plots  on  rocky  sites  (27) 
than  in  plots  in  swales  (13)  (table  6).   In  every  year  thereafter  bitterbrush 
continued  to  be  more  prevalent  on  the  rocky  sites.   Today,  observations  across  the 
entire  U.S.  Sheep  Experiment  Station  indicate  that  bitterbrush  is  actually  more 
prevalent  and  productive  in  the  swale  areas  compared  to  the  rocky  sites.   The 
difference  between  data  from  1936  and  the  present  observations  may  be  due  to  the 
extended  drought  preceding  the  burn. 

An  examination  of  all  plot  records  for  1936  revealed  that  grasses,  forbs,  and 
shrubs  were  greater  in  the  swales  than  on  rocky  sites.   The  vegetation  production 
averaged  546.0  lbs/acre  (612  kg/ha)  in  the  swales  and  446.1  lbs/acre  (500  kg/ha)  on 
the  lava  outcrop  plots.   During  the  period  of  below  normal  precipitation,  competition 
for  soil  moisture  was  probably  more  severe  in  the  swale  areas  due  to  a  greater  demand 
from  a  more  luxuriant  vegetation.   As  demand  exceeded  availability  certain  species 
were  stressed  beyond  their  tolerance  and  were  reduced.   On  the  rocky  sites,  even 
under  reduced  soil  moisture  conditions,  more  water  may  have  been  available  for  the 
shrubby  component  resulting  in  less  loss  proportionately.   Total  biomass  was  still 
greater  in  the  swale  areas  compared  to  the  rocky  areas  in  1936  in  spite  of  the 
possible  larger  reductions  in  yields  in  the  swale  areas. 

Sites  with  a  heavier  understory  fuel  load  preheat  the  overstory  more  rapidly  and 
effectively.   This  and  heavier  overstory  fuel  load  give  rise  to  fire  of  greater 
severity.   Consequently,  in  swale  areas  where  fuels  were  heavier,  it  is  expected  that 
the  increased  burn  intensity  lowered  sprouting  of  bitterbrush  and  resulted  in  lower 
I  yields. 

j      Big  sagebrush  and  rabbitbrush  yields  were  more  erratic  after  burning  with 
respect  to  yearly  response  and  site.   Horsebrush,  on  the  other  hand,  was  more 
productive  in  the  swale  areas  over  the  43  years. 

Spring  Versus  Late  Summer  Burning 

The  original  plots  were  measured  in  1979  to  terminate  the  1936  burn  study  and  to 
provide  initial  data  for  a  comparison  of  spring  versus  late  summer  burning.   In  late 
August  and  early  September  of  1979  two  burns  of  160  acres  (65  ha)  in  size  were 
conducted.   In  mid-April  1981  another  quarter  section  was  burned.   The  yields  of  the 
four  shrubs  are  given  in  table  7  by  treatment  and  year. 

Bitterbrush  yields  increased  from  23.6  to  91.0  lbs/acre  (26.4  to  102.0  kg/ha) 
from  1979  to  1980  on  the  area  burned  in  the  spring.   Plots  that  were  not  burned  in 
both  the  spring  and  late  summer  burned  areas,  showed  increases  in  bitterbrush  yields 
from  33.1  to  158.2  lbs/acre  (37.2  to  177.3  kg/ha)  from  1979  to  1981.   This  indicates 
that  bitterbrush  was  likely  recovering  from  tent  caterpillar  damage  and  that 
environmental  conditions  were  favorable. 

j  As  expected,  burning  in  the  spring  or  late  summer  caused  reductions  in  yields  of 
i  all  shrubs.  Although  the  postburn  yields  of  bitterbrush  were  less  in  the  spring  burn 
area  (12  percent)  compared  to  the  fall  burned  area  (29  percent),  studies  conducted  at 
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Table  7. — Mean  yields  in  pounds  per  acre  and  percentage  of  yields  for  bitterbrush, 
big  sagebrush,  rabbitbrush,  and  horsebrush  in  relation  to  spring  and  fall  burning. 
U.S.  Sheep  Experiment  Station,  Dubois,  Idaho. 


Bitterb 

rush 

Big 

sagebrush 

Rabb 

itb 

rush 

Hors 

eb 

rush 

Mean 

Mean 

Mean 

Mean 

Year 

yield 

Percent 

yield 

Percent 

yield 

Percent 

yield 

Percent 

Nonburned 

1979 

33.2 

100 

149.1 

100 

18.8 

100 

15.0 

100 

1980 

90.8 

274 

149.8 

100 

20.9 

111 

21.0 

140 

1981 

158.2 

477 

122.6 

82 

13.5 

72 

35.2 

235 

Spring 

1979 

13.6 

100 

271.0 

100 

16.0 

100 

18.2 

100 

1980 

91.0 

100 

205.0 

100 

2.7 

100 

18.5 

100 

1981 

11.2 

12 

28.0 

14 

0.7 

27 

10.4 

57 

2 
Fall 

1979 

9.4 

100 

217.5 

100 

7.4 

100 

10.6 

100 

1980 

2.7 

29 

17.6 

8 

3.7 

49 

7.3 

69 

1981 

2.5 

27 

9.8 

5 

5.7 

77 

11.2 

105 

,Percent  based  on  1980 
"Percent  based  on  1979 


the  Sheep  Station  suggest  that  sprouting  following  spring  burning  will  be  greater 
than  late  summer  burning  (Murray  )  and  will  ultimately  give  rise  to  greater  yields. 


Blaisdell  (1953)  reported  that  43  percent  of  the  bitterbrush  plants  sprouted 
when  burned  in  September  at  a  moderate  intensity.   However,  when  burned  in  the  spring 
(mid-April)  at  the  same  intensity,  bitterbrush  sprouted  at  an  80  percent  rate 
(Murray  ) .   Even  though  conditions  of  the  vegetation  and  weather  conditions  produce 
burns  of  similar  intensity,  factors  such  as  soil  moisture  greatly  influence 
sprouting.   When  soils  are  moist  at  the  time  of  the  burn  there  appears  to  be  less 
damage  at  the  root  collar  where  sprouting  occurs. 


Even  when  sprouting  occurs  plants  may  die  depending  upon  the  severity  of  the 
winter.   If  young  sprouts  are  protected  by  ample  snow  during  the  winter  many  will 
survive  the  subfreezing  weather.   However,  if  they  are  exposed,  most  will  perish.   In 
addition,  if  young  sprouts  are  grazed  during  the  first  year,  overwinter  mortality 
will  increase  (Murray  ). 

MANAGEMENT  RECOMMENDATIONS 

Evidence  from  this  and  other  studies  conducted  in  the  sagebrush-grass  region  of 
the  Western  United  States  suggests  that  burning  in  mixed  sagebrush-grass  stands  does 
not  enhance  antelope  bitterbrush  yields.  Recovery  of  bitterbrush  from  fire  required 
many  years  even  though  individual  sprouted  plants  may  achieve  greater  yields  in  a 
relatively  short  time.  The  principal  problems  arise  from  the  large  numbers  of  plants 
that  are  killed  immediately  or  have  low  sprouting  success,  or  where  competition  from 
other  species  reduces  establishment  of  new  plants. 


Murray,  Robert  B.   Sprouting  of  bitterbrush  in  response  to  spring  burning, 
(Manuscript  in  preparation.) 
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If  fire  is  being  contemplated  to  maximize  yields  of  bitterbrush,  then  burning 
should  be  conducted  early  in  the  spring  or  late  in  the  fall.   To  minimize  damage  to 
grasses  and  forbs  burns  should  be  done  while  they  are  dormant  in  the  spring  or  before 
regrowth  occurs  in  the  fall.   High  soil  moisture  at  the  time  of  the  burn  appears  to 
enhance  sprouting  of  bitterbrush.   Therefore,  it  is  important  to  establish  periods 
when  these  conditions  prevail  in  each  locality  in  which  prescription  burning  is  to  be 
used. 

On  the  Upper  Snake  River  Plains  our  experience  indicates  that  burns  can  be 
conducted  successfully  during  mid-  to  late  April.   The  actual  period  may  vary 
depending  upon  winter  conditions,  especially  in  the  amount  of  snow.   During  this 
period  snow  has  recently  disappeared,  soil  moisture  is  high,  daytime  temperatures 
often  rise  to  60  to  70°  F  (15.6  to  21.1°  C)  drying  the  previous  year's  litter, 
moisture  in  sagebrush  is  less  than  100  percent  (dry  weight  basis) ,  relative 
humidities  often  fall  below  30  percent,  and  the  height  of  new  grass  growth  is  less 
than  2  inches  (5  cm).   In  some  years  inclement  weather  does  not  permit  burning,  and 
usually  the  time  when  burns  can  be  conducted  is  limited  to  only  a  few  days. 

The  long-term  effects  of  burning  on  bitterbrush  recovery  are  an  important 
consideration  for  land  managers  whose  primary  goal  is  to  rejuvenate  bitterbrush 
stands.   Burns  should  be  conducted  under  environmental  conditions  that  produce 
low-intensity  burns  to  enhance  sprouting.   However,  even  with  increased  sprouting 
from  spring  or  late  fall  burning,  overwinter  mortality  and  damage  from  either 
livestock  or  big  game  grazing  on  new  sprouts  lowers  overall  sprout  survival. 
Therefore,  to  ensure  maximum  regeneration  and  yields  in  a  relatively  short  time 
consideration  should  be  given  to  the  desirability  for  planting  or  seeding  bitterbrush 
immediately  following  burning. 

When  burns  are  prescribed  to  improve  forage  conditions  for  sheep,  enhancement  of 
bitterbrush  is  usually  not  an  objective  even  though  it  is  highly  palatable  to  sheep. 
Here  the  goal  is  to  increase  forage  and  reduce  the  amount  of  defoliated  shrub 
branches.   The  shrub  skeletons  left  following  spraying  or  burns  of  low  intensity  are 
undesirable,  because  the  skeletons  pull  wool.   As  a  result,  sheep  tend  to  avoid  such 
areas.   Consequently,  burning  should  be  done  when  conditions  promote  more  intense 
burns. 
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BITTERBRUSH  MMAGEMENT  ON  THE  BOISE  WILDLIFE  MANAGEMENT  AEEA^ 

Gerald  C.  Scholten 


ABSTRACT 

By  using  cattle  and  sheep  in  a  managed  grazing  system, 
16,500  acres  of  mule  deer  winter  range  have  "been  improved, 
Grazing  is  used  to  increase  bitterbrush  vigor,  stimulate 
"bitterbrush  leader  growth,  and  improve  forage 
composition.   Artificial  revegetation  by  seed  and 
seedlings  is  used  to  enhance  bitterbrush  population  in 
selected  areas. 


INTRODUCTION 

The  Boise  River  Wildlife  Management  Area  is  managed  under  a  cooperative 
management  plan  by  the  Idaho  Department  of  Fish  and  Game,  Idaho  Department  of  Lands, 
USDA  Forest  Service,  USDI  Bureau  of  Land  Management,  U.S.  Army  Corps  of  Engineers, 
and  Highland  Livestock  and  Land  Company.   Technical  assistance  is  supplied  by  the 
Soil  Conservation  Service  and  the  Agricuilture  Research  Service-Northwest  Watershed 
Research  Center.   The  Idaho  Department  of  Fish  and  Game  is  responsible  for  implementing 
the  management  program  with  approval  from  the  cooperating  agencies  and  private 
landowner. 

The  current  management  objectives  are:  (l)  improve  mule  deer  winter  range,  (2) 
increase  upland  game  production,  (3)  provide  public  hunting,  and  {k)    provide  for 
wildlife  appreciation.   Proper  bitterbrush  management  is  essential  to  achieve  the  first 
management  objective. 

DESCRIPTION  OF  AREA 

The  16,500  acre  (660O  ha)  Boise  Front  management  segment  is  located  3  miles  (U.8 
km)  east  of  Boise,  along  the  Lucky  Peak  Reservoir.   The  area  is  steep  with  slopes  to 
60  percent  and  elevations  range  from  2,800  ft  (85O  m)  to  5,900  ft  (18OO  m).   The  area 
has  numerous  canyons  that  drain  into  the  Boise  River.   It  is  intermingled  with  heavy 
clay,  loams,  and  sandy  granitic  soils.   Precipitation  ranges  from  12  inches  (30.5  cm) 
at  lower  elevations  to  26  inches  (66.0  cm)  above  5,000  ft  (1520  m).   Most  of  this  is 
received  during  the  late  fall  to  early  spring.   Temperatures  range  from  -23°  to  108° 
F  (-30°  to  k3°   C).   Bitterbrush  (Purshia  tridentata),  big  sagebrush  (Artemisia 
tridentata) ,  gray  rabbitbrush  (Chrysothamnus  nauseosus),  and  willow  (Salix  spp.)  are 
the  most  common  browse  species.   Bluebunch  wheatgrass  (Agropyron  spicatum) ,  bottlebrush 
squirreltail  (Sitanion  hystrix) ,  cheatgrass  (Bromus  tectorum) ,  and  Sandberg  bluegrass 
(Poa  secunda)  are  the  most  common  grasses.   Key  forbs  consist  of  arrowleaf  balsamroot 
(Balsamorhiza  sagittata) ,  phlox  (Phlox  spp. ) ,  and  hawksbeard  (Crepis  spp. ) 


Paper  presented  at  the  Bitterbrush  and  Cliff rose  Symposium,  Salt  Lake  City,  Utah, 
April  13-15,  1982. 

^Land  Manager,  Idaho  Department  of  Fish  and  Game,  Boise,  Idaho  8370U. 
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Cattle  and  sheep  graze  the  area  in  the  spring  and  early  summer.   Some  sheep  use 
occurs  again  in  the  fall.   During  the  winter,  800  to  U,600  mule  deer,  and  occasionally 
elk,  use  the  area.   The  wide  difference  in  deer  numbers  using  the  area  was  found  to  be 
related  to  temperature  and  water  content  of  snow  above  the  5,000  ft  (1520  m)  elevation. 
A  multiple  regression  equation  has  been  developed  that  shows  this  relationship: 

Y  =  2039  H.  200j,^  -521.^2  -  3^,3 

where  Y  is  deer  animal  unit  months,  XI  is  the  mean  January  temperature  in  C°,  X2  is 
the  mean  February  temperatirre  in  °C,  and  X3  is  the  snow  water  content  in  mm  of  the 
nearest  snow  course  marker  on  January  1.   The  multiple  correlation  coefficient  is 
r  +  0.91  and  the  standard  error  of  estimate  is  303  (Johnson  and  others  I980). 

MULE  DEER  FOOD  HABITS 

Information  on  plant  preference  by  mule  deer  and  season  of  use  is  needed  in 
bitterbrush  management  and  overall  management  of  the  winter  range.   To  get  this 
information,  r-umen  samples  were  collected  from  deer  hit  by  cars  on  State  Highway  21, 
which  runs  through  the  middle  of  the  management  area. 

Rumen  samples  from  U5  road-killed  deer  during  January  to  April  from  1971  to  1975 
were  analyzed  by  the  Idaho  Department  of  Fish  and  Game  laboratory  in  Boise.   The 
results  showed  that  peak  use,  30  percent,  occurred  during  January,  when  snows  are 
usually  the  deepest.   This  is  based  on  air  dry  weights.   Sagebrush  use  is  also  high, 
29  percent,  during  periods  of  deep  snow.   Use  of  grasses  increases  as  spring  green 
up  occurs  and  shrub  use  declines.   Sage  and  grasses  are  considerably  more  abundant 
than  bitterbrush,  which  indicates  the  importance  of  bitterbrush  in  maintaining  the 
wintering  mule  deer  population. 

CATTLE  MANAGEMENT  | 

i 

In  1970  a  rest  season  grazing  system  (Lacey  and  VanPoolen  1979)  was  implemented 
to  improve  mule  deer  winter  range  and  watershed  values.   The  program  had  two  goals: 
(1)  to  improve  perennial  grasses,  and  (2)  to  improve  bitterbrush.   The  objectives  for  ,' 
perennial  grasses  were  to  restore  vigor,  increase  their  percentage  composition,  provide 
additional  ground  litter,  increase  soil  moisture,  and  reduce  soil  temperature.   The 
program  objectives  for  bitterbrush  were  to  provide  for  maximum  hedging  to  increase 
vigor  and  provide  more  forage,  provide  the  required  2  years  of  rest  for  maximum  twig 
growth,  and  increase  bitterbrush  density  through  greater  seed  production  and  trampling 
of  seed  by  livestock. 

The  system,  started  in  1970,  consisted  of  eight  pastures — four  pastures  ranged  in 
elevation  from  2,800  to  3,600  ft  (85O  to  1100  m) ,  and  four  pastures  from  3,600  to 
5,900  ft  (1100  to  1780  m).   The  treatments  consisted  of  early  grazing,  grazing  after 
seed  ripe,  and  rest.   Only  four  of  the  eight  pastures  were  used  in  a  given  year.   A 
total  of  19^  head  of  cattle  were  used  from  April  1,  or  when  range  readiness  occurred, 
until  November  30.   Table  1  shows  changes. 

Three  private  landowners  included  their  lands  in  the  program  to  be  managed  for 
mule  deer  winter  range.   In  return  they  were  allowed  to  graze  on  the  cooperative 
agencies'  lands.   During  1972  one  rancher  sold  his  land  to  the  Department  of  Fish  and 
Game  and  another  dropped  out  of  the  program  because  of  ill  health.   From  1970  to  197^ 
cattle  niimbers  ranged  from  91  to  19^  head.   Observations  show  that  cattle  preferred 
bitterbrush  from  mid-May  through  June  and  again  in  September  and  October. 

In  1976  the  program  was  modified  to  allow  IO8  head  of  cattle  to  graze  for  7 
months.   The  cattle  had  been  using  an  adjacent  Forest  Service  allotment.   This  change 
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allowed  a  winter  range  for  mule  deer  and  elk  to  be  partially  rested.   The  pastxxres  and 
rotation  system  remained  the  same.   Samples  of  hitterbrush,  using  a  southwest  regional 
twig  diameter-length  regression  equation,  developed  by  Ferguson  and  Marsden  (19TT), 
showed  the  overall  use  was  reaching  the  desired  30  to  Uo  percent  hedging.   Observation 
indicated  that  we  were  not  utilizing  grasses  sufficiently  in  some  areas  of  the  pastures, 
thus  creating  a  "wolf"  (tough,  rank)  plant  community. 

Table  1. — Changes  in  grazing  seasons  and  cattle  numbers 

Maximum 
Years  Grazing  season  cattle  numbers 

197O-7I4  ■     April  1  to  November  30  19i| 
1975                       No  grazing 

1976-80  April  1  to  October  31  208 

1981-82  April  15  to  July   31  375 

In  1981  the  program  was  again  modified  to  3.5  months,  375  head  allotment  beginning 
April  15  or  when  range  readiness  occurred.   This  was  done:  (l)  to  achieve  30  to  Uo 
percent  cattle  use  on  bitterbrush  in  the  use  pastures,  to  stimulate  leader  growth,  and 
to  hedge  the  bitterbrush  plant;  (2)  to  utilize  grasses  and  forbs  to  reduce  competition 
for  browse  species;  (3)  to  utilize  grasses  and  forbs  to  prevent  "wolf"  plant 
commimities  from  developing;  and  (h)   to  insure  that  the  range  was  maintained  in  an 
early  or  mid-successional  stage. 

The  rotation  was  changed  from  a  low  pasture,  high  pasture,  high  pasture,  low 
pasture,  to  a  low  pasture,  low  pasture,  high  pasture,  high  pasture  system  because  of 
a  late  growing  season  in  the  high  pastures.   The  first  use  pasture  would  receive  heavy 
use  and  the  three  remaining  pastures  would  receive  moderate  use.   A  pasture  would  have 
heavy  use  once  in  h   years  followed  by  2  years  of  rest.   Results  of  I98I  measurements 
indicated  a  22.9  percent  use  by  cattle  on  bitterbrush,  up  from  1  to  10  percent  under 
the  previous  systems.   The  cattle  use,  plus  the  10  to  60  percent  deer  use,  is  expected 
to  keep  the  bitterbrush  plants  in  good  form,  class,  and  vigor  (table  2). 

Table  2. — Bitterbrush  utilization  by  cattle  and  mule  deer,  1978  to  I982 
Year  Percent  cattle  use  Percent  deer  use 

1978  10.3  38.6 

1979  5.5  22.1 

1980  1.0  10.1+ 

1981  22.9  60.0 


DOMESTIC  SHEEP  MMAGEMENT 

Highland  Livestock  and  Land  Company  has  an  exchange  of  use  agreement  with  the 
Idaho  Department  of  Fish  and  Game  for  1,200  sheep  for  30  days  in  the  spring  and  30  days 
in  the  fall.   In  return,  the  Department  manages  875  acres  of  their  private  lands  for 
mule  deer  winter  range.   The  sheep  cross  the  project  in  alternating  strips  so  that  the 
same  areas  are  not  used  year  after  year.   The  spring  sheep  use  was  developed  to 
utilize  grasses  and  forbs,  and  the  fall  use  is  for  seed  trampling. 
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ARTIFICIAL  REVEGETATION 

Artificial  revegetation  has  been  accomplished  using  planting  equipment  that 
includes  a  transplanter  for  "bare-root  seedling,  a  modified  corn-vegetable  planter  for 
seed,  a  Hanson  browse  seeder,  rangeland  drill,  and  aerial  seeding.   All  types  have 
worked  with  varying  degrees  of  success,  often  dependent  on  moisture  after  planting. 
When  scalping  was  used  to  reduce  competition,  the  8  ft  (2.5  m)  dozer  blade  provided  the 
best  survival  rate  with  T  percent  for  seed  and  19  to  69  percent  for  seedlings.   A  3  ft 
(1  m)  wide  scraper  provided  a  21.7  percent  seedling  survival  rate  while  the  offset 
disk  provided  less  than  10  percent.   Areas  planted  with  no  scalp  ranged  from  0  to  22 
percent  seedling  siirvival.   Aerial  seeding,  rangeland  drill,  and  Hanson  browse  seeders 
have  been  used  in  fire  revegetation  projects  with  good  success  for  grasses  and  shrubs. 
Estimated  costs  per  acre  for  the  various  planting  methods  are  listed  in  table  3. 

Table  3.   Cost  of  planting  by  various  methods 


Planting  method 


Seed/seedling 


Pounds  or 

number  plants /acre 

Cost/acre 

1,200/acre 

$96-$150 

2-3  lb/acre 

25-50 

3-^  lb/acre 

25-75 

12  lb 

35-HO 

12  lb 

11 

Transplanter 

Seedlin 

Corn-vegetable 

planter 

Seed 

Hanson  browse 

seederl 

Seed 

Rangeland  drill 

Seed 

Aerial^ 

Seed 

■^Used  with  other  range  treatment,  cost  of  seed  only. 
2Based  on  1975  prices. 

Insects,  rodents,  disease,  drought,  and  fire  all  contribute  to  losses  of 
bitterbrush.   Probably  the  most  severe  has  been  intense  wildfires.   A  wildfire  in  I98O 
left  70  percent  of  the  bitterbrush  plants  killed  with  26  percent  resprouting  and  h 
percent  of  the  burned  plants  still  alive.   In  I98I  a  wildfire  killed  91  percent  of  the 
bitterbrush  plants  with  only  2  percent  resprouting  and  7  percent  of  the  burned  plants 
still  alive.   The  Boise  Front  has  a  history  of  wildfire,  making  fire  control  and 
prevention  essential.   This,  coupled  with  good  range  management,  is  essential  for 
enhancement  of  the  raiile  deer  population  and  watershed  protection. 


CONCLUSION 

A  well-managed  grazing  system  can  be  used  to  enhance  bitterbrush  populations 
through  hedging  and  periodic  utilization  of  the  grasses  and  forbs  that  reduce 
competition  to  the  browse  species.   Artificial  revegetation  can  be  used  to  improve 
critical  mule  deer  winter  ranges.   Soil  type,  moisture  condition  after  planting, 
methods  of  planting,  and  rodent  densities  can  play  a  key  role  in  the  success  of  the 
planting.   Natural  reproduction  of  bitterbrush  has  been  occurring  mainly  from  rodent 
caches.   Wildfire  prevention  or  control  is  essential  in  maintaining  the  bitterbrush 
populations.   Prescribed  burning  may  be  a  viable  management  tool  to  improve  bitterbrus' 
stands. 
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ROTOMOWING  ANTELOPE  BITTERBRUSH— PRELIMINARY  REPORT 

Robert  D.  Jones^ 


ABSTRACT 

In  southeastern  Idaho  a  hand  pruning  and  rotomowing 
project  was  undertaken  to  try  to  improve  the  Juniper 
Mountain  deer  winter  range.   Results  from  the  hand 
pruning  trial  indicated  that  the  more  heavily 
bitterbrush  was  pruned  the  better  it  responded  with 
increased  growth.   Based  on  this,  the  rotomowing 
technique  was  developed.   Preliminary  results  indicated 
this  is  a  successful  tool  for  this  area. 

INTRODUCTION 

The  deteriorating  trend  of  an  antelope  bitterbrush  (Purshia  tridentata  [Pursh] 
DC)  deer  winter  range  has  been  a  problem  facing  land  managers  and  big  game  managers 
for  many  years.   Usually  the  areas  in  poorest  condition  are  the  most  heavily  used 
portions  of  the  winter  ranges.   Managers  may  be  reluctant  to  try  new  or  unproven 
vegetation  management  techniques  because  they  do  not  want  to  sacrifice  what  little 
deer  winter  range  they  have.   The  result  is  that  the  stand  continues  to  deteriorate 
and  the  amount  of  critical  forage  available  to  the  deer  herd  continues  to  decline. 

Most  managers  today  realize  they  need  to  try  something  to  keep  their 
bitterbrush  stands  in  good  condition  or  risk  complete  loss.   Techniques  they  find  in 
the  literature  include  burning,  chaining,  rolling  or  crushing,  railing,  rotobeating, 
and  rotomowing  (Driscoll  1963;  Ferguson  and  Basile  1966;  Giles  1970;  Guinta  and 
others  1978;  Schnoegas  and  Zufelt  1965).   Different  results  using  different 
techniques  may  occur  with  the  same  treatment  due  to  various  factors,  including  time 
of  year  the  treatment  was  performed,  phenological  stage  of  the  plant,  soil 
conditions,  climatic  conditions,  ecotypic  variation  of  the  plant  stands,  or  a 
combination  of  these  factors.   After  considering  the  variables  the  manager  chooses 
the  technique (s)  and  tests  it  on  a  site.   This  is  what  the  Bureau  of  Land  Management 
has  done  in  selecting  the  rotomowing  technique  to  maintain  the  Juniper  Mountain 
bitterbrush  deer  winter  range. 

TREATMENT  AREA 

The  Juniper  Mountain  area  is  10  miles  (16  km)  northwest  of  St.  Anthony,  Idaho. 
Soils  in  the  area  were  once  active  sand  dunes  that  have  been  vegetated  by  antelope 
bitterbrush,  rabbitbrush  (Chrysothamnus  spp.),  basin  big  sagebrush  (Artemisia 
tridentata  spp.  tridentata) ,  chokecherry  (Prunus  virginiana) ,  Utah  juniper 
(Juniperus  osteosperma) ,  and  numerous  forb  and  grass  species.   Precipitation  in  the 
area  ranges  from  16  to  18  inches  (40.6  to  45.7  cm)  annually. 

Bitterbrush  stands  in  the  area  have  matured  and  are  beginning  to  show  a 
downward  trend  in  conditions.   The  sagebrush  is  overaged  and  overgrown  and  is 
providing  very  little  forage  to  wintering  deer,  but  it  does  provide  hiding  cover. 
Junipers  found  in  the  area  are  scattered.   At  this  time  they  do  not  appear  to  be 
increasing. 


^Paper  presented  at  the  Bitterbrush  and  Cliff rose  Symposium,  Salt  Lake  City,  Utah, 
April  13-15,  1982. 

^Wildlife  Biologist,  USDI  Bureau  of  Land  Management,  Idaho  Falls  District,  Idaho 
Falls,  Idaho. 
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METHODS 

The  first  phase  of  the  two-part  rotomowing  project  was  a  study  to  determine  if 
pruning  bitterbrush  would  have  a  beneficial  or  detrimental  effect  on  the  plants. 
The  second  phase  was  to  evaluate  the  response  of  bitterbrush  to  the  rotomowing 
technique  and  big  game  response  to  the  project. 

In  1978  a  hand  pruning  study  was  started  to  determine  the  effect  and  response 
of  pruning  on  bitterbrush.   Three  transects,  each  consisting  of  20  tagged  plants, 
were  established.   Transect  A  served  as  a  control  transect  and  the  plants  remained 
unpruned.   Transect  B  was  moderately  pruned  with  some  of  the  lower  and  upper 
branches  removed.   Transect  C  was  heavily  pruned  with  most  of  the  plant  growth 
removed  except  one  or  two  stems.   By  having  the  different  levels  of  treatment  we 
hoped  to  determine  which  pruning  intensity  stimulated  the  most  regrowth. 

Leader  growth  was  measured  to  the  nearest  centimeter  on  each  of  the  tagged 
plants  following  each  of  the  next  2  growing  seasons.   The  summarized  data  were  then 
plotted  to  illustrate  the  relationship  between  pruning  intensity  and  leader  growth 
(fig.  1).   Results  showed  favorable  response  from  heavily  pruned  plants.   Based  on 
these  results  and  the  literature,  the  large-scaled  rotomowing  treatment  was  started 
in  1980.   An  8-ft  (2.44  m)  rotary  mower  was  powered  by  a  rubber-tired  farm  tractor. 
The  mower  blades  were  held  12  to  14  inches  (30.5  to  35.6  cm)  above  the  ground  to 
chop  up  the  decadent  brush,  but  to  not  damage  the  seedlings  and  younger  growth  in 
the  stand.   Each  treatment  area  was  irregular  in  shape  and  greater  than  5  acres 
(2.02  ha)  in  size,  but  no  larger  than  40  acres  (16.2  ha). 
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Figure  1. — Results  from  hand 
pruning  study. 


One  treatment  area  was  done  in  the  fall  and  the  others  in  the  spring.   Both  the 
ifall  and  spiring  treatments  were  done  on  dormant  plants.   A  total  of  400  acres  (162 
la)  were  treated  in  the  first  project. 

A  5-year  monitoring  study  was  established  to  document  leader  growth 
haracteristics,  big  game  vegetation  use,  and  visual  changes.   Leader  growth,  to  the 
earest  centimeter,  is  documented  via  four  transects  in  the  treated  and  untreated 
reas.   The  first  years  leader  data  were  subjected  to  an  analysis  of  variance.   Six 
ig  game  utilization  transects  were  established  in  the  treated  and  untreated  areas. 
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RESULTS  AND  DISCUSSION 

Results  from  the  2-year  hand  pruning  study  indicated  that  pruning  increased  the 
production  of  bitterbrush  (fig.  1).   Plants  on  transect  A  had  an  average  leader 
growth  of  4.16  cm.   Plants  on  transect  B,  the  moderately  pruned  transect,  had  an 
average  leader  growth  of  5.46  cm.   Plants  on  transect  C,  the  heavily  pruned 
transect,  had  an  average  growth  of  7.30  cm.   Although  the  original  transect  data 
could  not  be  statistically  analyzed,  the  general  pattern  through  the  treatment 
levels  was  that  growth  increased  when  plants  were  heavily  pruned.   These  results, 
along  with  some  smaller  treated  test  areas,  indicated  probable  success  on  a  larger 
treatment  project. 

Data  results  between  the  mowed  and  the  unmowed  areas  showed  a  significant 
difference  in  the  average  leader  growth.   No  significant  difference  could  be  found 
due  to  the  season  of  treatment  (table  1).   Leader  growth  in  the  treated  areas  was 
15.8  cm  and  13.7  cm  for  the  fall  and  spring  treatments,  respectively  (fig.  2). 
During  the  same  growing  season  the  untreated  areas  only  produced  average  leader 
growth  of  3.41  cm  and  7.22  cm  for  fall  and  spring  treatment  areas,  respectively. 

Table  1. — Analysis  of  variance  showing  mowed  versus  unmowed  and  the  effect  of  season 
and  treatment  results 


BITTERBRUSH  ROTOMOWING  PROJECT 


Fall  Treatment 
Mow  versus  unmow 
Error 
TOTAL 


DF 

1 

48 


^1.48)  =  '-''^   ' 


MS 
1,228,998 
4,989 


I 

246.34* 


49 


1,233,987 


Spring  treatment 
Mow  versus  unmow 
Error 
TOTAL 


1 

48 


49 


340,973 
3,879 


344,852 


87.9* 


Season 


Spring  versus  fall 

Error 

TOTAL 


1 

48 


49 


32,973 
7,220 


40,193 
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Figure  2. — Results  from  rotomowing 
showing  leader  growths 
from  treatments  in  the 
fall  and  spring. 


No  mortality  studies  were  done  in  the  treatment  areas  prior  to  the  project. 

Estimated  mortality  due  to  the  treatment  was  less  than  5  to  8  percent.   This  small 

loss  is  not  expected  to  have  a  long-term  detrimental  effect  on  the  productivity  of 
the  area. 

Game  and  land  managers  want  to  know  how  long  it  will  be  before  the  treated 
areas  produce  usable  forage  and  if  temporary  loss  of  production  will  be  detrimental 
to  wintering  game.   To  answer  these  questions,  the  treatment  areas  were  monitored 
throughout  the  winter  months  and  vegetation  utilization  transects  were  read  in  the 
spring. 

Results  indicated  that  the  treated  areas  had  an  average  of  62  percent  use 
(Idaho  Fish  and  Game;  and  Hormay  1943)  and  adjoining  untreated  areas  an  average  of 
34  percent.   Visual  observations  in  the  area  supported  the  transect  data.   Deer  were 
observed  in  the  treatment  areas  every  time  they  were  visited;  77  animals  were  the 
Host  counted  in  a  treatment  area  at  one  time.   Because  of  such  concentrations,  the 
treatment  areas  had  to  be  five  acres  (2.02  ha)  or  larger  and  numerous  enough  to 
accommodate  the  number  of  deer.   The  25  to  40  acre  (10.1  to  16.2  ha)  treatment  areas 
ippear  to  be  the  most  desired  size,  but  there  must  be  enough  of  them  present  to  keep 
:he  use  at  an  acceptable  level. 

Considerable  flexibility  is  built  into  the  use  of  this  technique  because  season 
)f  treatment  had  no  significant  effect  on  the  project  success  (fig.  2).   Managers 
isually  have  to  program  for  money  in  an  annual  work  plan  or  have  to  accomplish  a 
onsiderable  amount  of  work  during  a  limited  time.   The  flexibility  of  the  treatment 
Hows  two  opportunities  to  accomplish  the  work  during  a  field  season  when  the  money 
nd/or  time  is  available. 
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Two  unexpected  results  developed  from  the  treatment  technique.  The  first  was 
the  increased  production  of  grasses  and  forbs.  Although  deer  winter  diets  consist 
mainly  of  browse,  forbs  and  some  grasses  are  used,  particularly  in  the  spring  when 
greenup  begins. 

The  second  unexpected  result  was  the  possible  segregation  of  use  areas.   Deer 
appeared  to  use  the  treatment  areas  while  they  were  snow  free  and  available,  and 
then  they  moved  into  taller  stands  of  bitterbrush  when  the  snow  had  covered  the 
treatment  areas.   This  foraging  response  relieves  browsing  pressure  on  the  taller 
stands  of  bitterbrush  and  sagebrush  during  periods  of  low  snow  accumulation.   After 
snow  has  covered  the  shorter  forage,  the  deer  have  a  basically  untouched  forage 
supply  to  carry  them  throught  the  deeper  snow  periods. 

SUMMARY 

Rotomowing  antelope  bitterbrush  in  the  area  west  of  St.  Anthony,  Idaho, 
initially  appears  to  be  a  very  useful  technique  in  returning  overaged  and 
nonproductive  big  game  winter  ranges  to  highly  desirable  winter  foraging  areas.   It 
can  also  be  used  on  younger  stands  to  avert  deterioration. 

A  5-year  monitoring  study  was  established  to  document  the  long  term  effects  of 
the  treatment.  The  first  year's  results  showed  there  was  an  average  leader  growth, 
in  the  treated  areas,  of  15.8  cm  and  13.7  cm  for  the  fall  and  spring  treatments, 
respectively.  Big  game  use  transects  showed  that  deer,  on  an  average,  were  able  to 
use  at  least  62  percent  of  the  vegetation  during  the  first  winter  after  a  complete 
growing  season.  This  high  level  of  use  indicates  that  treatment  size  and  frequency 
must  be  considered  during  project  layout  in  order  to  eliminate  over-utilization  and 
destruction  by  wintering  big  game. 

Two  unexpected  results  were  gained  from  the  project.   There  was  increased  grass 
and  forb  production  in  the  treated  areas.   There  also  appeared  to  be  a  segregation 
of  winter  use  areas  by  the  deer. 
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ENTOMOLOGY  OF  ANTELOPE  BITTERBRUSHi 
Malcolm  M.  Furniss^ 

ABSTRACT 

Antelope  bitterbrush  is  host  to  over  100  phytophagous 
insects,  best  known  of  which  are  species  that 
defoliate,  or  infest  fruits.  Many  other  insect 
visitors  range  from  perchers  to  pollinators  to 
parasites  and  predators.  In  need  of  study  are  the 
susceptibility  of  ecotypes  and  hybrids;  flower 
visitors;  root  infesters;  plant  disease  vectors;  and 
insect-plant  community  interrelationships. 

INTRODUCTION 

Antelope  bitterbrush  (Purshia  tridentata  [Pursh]  D.  C.)  and  its  natural  hybrids 
is  a  diverse  shrub  occurring  in  11  western  states  and  British  Columbia  on  340  million 
acres  (138  million  ha)  over  a  wide  range  of  climatic  and  soil  conditions  (Hormay  1943, 
Nord  1965).  In  its  southern  range,  antelope  bitterbrush  intermingles  with  a  close 
relative,  desert  bitterbrush  (Purshia  glandulosa  Curran),  insects  of  which  are 
unstudied. 

The  use  of  antelope  bitterbrush  for  browse  by  wild  and  domestic  ungulates  is 
addressed  elsewhere  in  the  symposium  and  in  the  literature  (Basile  1967;  Giunta  and 
others  1978).  What  is  not  well  publicized  is  its  exceptional  attractiveness  to 
insects.  Due  largely  to  its  wide  occurrence  and  its  abundant  and  fragrant  yellow 
flowers,  bitterbrush  hosts  an  exceptional  diversity  of  insects  (Furniss  1972).  Many 
are  phytophagous  in  their  habit,  feeding  on  foliage,  sucking  juice,  or  infesting  the 
bark  or  roots.  Others  are  probably  just  perchers  or  somewhat  chance  visitors,  perhap 
attracted  to  the  flowers;  for  example,  parasitic  wasps  that  are  kept  alive  by  nectar 
until  their  various  insects  hosts  become  available.  Doubtless,  many  insects  spread 
pollen  from  flower-to-flower  in  their  travels,  including  flies  and  beetles  besides  th 
fabled  bees.  Others,  such  as  spiders  and  predacious  insects,  lurk  or  hunt  for  their 
prey  amongst  the  canopy. 

Few  of  these  insects  have  been  identified  and  even  fewer  have  been  studied  to 
determine  their  biology.  Generally,  only  an  immature  stage  is  observed  doing  damage,' 
whereas  species  descriptions  are  invariably  based  on  the  adult  stage.  In  such 
instances,  specific  identification  is  impossible  until  the  adult  is  reared  from 
associated  immature  specimens,  often  a  difficult  or  fruitless  undertaking. 


^Paper  presented  at  Bitterbrush  and  CI  iff rose  Symposium,  Salt  Lake  City,  Utah, 
April  13-15,  1982. 

^Principal  Entomologist  and  Project  Leader  (retired).  Forestry  Sciences 
Laboratory,  Moscow,  Idaho  83843. 
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METHODS 

I  used  a  standard  aerial  sweep  net  to  collect  insects  in  flight  around 
bitterbrush.  The  net  was  also  held  beneath  branches  that  were  struck  to  dislodge 
insects  on  them  (fig.  1).  I  gathered  more  detailed  information  by  patient,  close 
observation  of  shrubs  for  insects,  webbing,  defoliation,  or  galls.  Branches  were 
carefully  clipped  so  as  not  to  disturb  insects  on  them,  then  scrutinized  through  a 
hand  lens  or  microscope.  That  way,  mites,  eggs,  and  small  insects  could  be  seen. 
Branches  were  also  enclosed  in  clear  plastic  bags  and  taken  to  the  laboratory  in  a 
cooler  where  insects  including  larvae  and  parasitic  wasps  showed  up  on  the  inside 
surface.  These  same  bags  served  as  rearing  containers  for  insects  such  as  mature 
caterpillars  that  were  about  to  pupate.  Less  mature  insects  had  to  be  provided  fresh 
foliage  or  were  reared  on  potted  plants  in  the  greenhouse.  This  method  avoided 
parasitism  and  enabled  more  intensive  observations  than  were  possible  in  nature. 

Diapause  was  sometimes  a  problem  in  rearing  immature  insects  to  adults.  I 
usually  split  specimens  into  lots  for  different  treatment  consisting  of  exposure 
outdoors  over  winter  or  refrigeration  for  90  days  in  moist  material  in  petri  dishes; 
however,  both  methods  resulted  in  high  mortality. 


Figure  1. --Insects  were  collected  from 
bitterbrush  by  various  means 
including  an  aerial  net  held 
beneath  branches  that  were 
struck  with  a  stick. 


INSECTS  OF  BITTERBRUSH 

What  insects  inhabit  bitterbrush?  Or  a  better  question:  What  insects  inhabit  or 
benefit  from  bitterbrush  and  its  hybrids,  and  how  do  they  differ  elevationally, 
geographically,  seasonally,  and  by  shrub  age,  phenology,  and  community  makeup? 

Unfortunately,  bitterbrush  insects  are  so  poorly  known  that  relatively  few 
examples  are  available  to  answer  these  questions.  A  small  and  biased  portion  of  the 
shrub's  distribution  has  been  sampled--and  then  only  for  a  limited  number  of  insects. 
The  collecting  tends  to  occur  where  cooperating  range  scientists  conduct  their  work  or 
where  an  outbreak  is  handy  or  happens  to  be  reported.  Perhaps  90  percent  of  my 
records  came  from  the  following  areas:  South  Fork  Salmon  River,  Payette  River,  and 
Boise  River  (Idaho);  in  the  vicinity  of  Ephraim,  Utah;  and  restricted  localities  in 
northern  California,  northeastern  Oregon,  and  western  Montana. 

Ten  years  ago  I  listed  81  insects  and  mites  that  feed  on  antelope  bitterbrush 
(Furniss  1972).  The  list  has  grown  past  100  since  then,  and  several  times  that  figure 
will  perhaps  be  collected  eventually.  Not  included  in  the  list  is  a  much  larger 
number  of  predacious  insects  and  spiders  (the  latter  are  virtually  unidentified, 
though  common),  parasites  (although  many  are  known,  and  all  the  phytophagous  species 
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probably  have  them)  and  hordes  of  flower  visitors.  The  roles  of  flower  visitors  are 
unstudied,  but  antelope  bitterbrush  is  self-incompatible  (Blauer  and  others  1975),  and 
those  insects  likely  play  a  profound  role  in  pollination  and  hybridization. 


TAXONOMIC  DISTRIBUTION 

The  frequency  of  known  phytophagous  insects  is  shown  in  the  following  tabulation 
(Furniss  1972): 

Order  Family    Species 

Coleoptera 

Diptera 

Hemiptera 

Homoptera 

Lepidoptera 

Orthoptera 

Thysanoptera 

Caterpillars  (Lepidoptera),  and  sap-sucking  insects  (Hemiptera,  Homoptera)  constitute 
the  most  numerous  species  of  insects  collected  from  antelope  bitterbrush,  although 
their  greater  diversity  does  not  preclude  equal  or  greater  importance  of  other  orders 
Because  sap-sucking  insects  can  transmit  diseases  of  other  plants,  it  is  logical  to 
investigate  them  as  possible  sources  of  disease  on  bitterbrush.  So  far,  nobody  has 
done  so. 


3 

8 

1 

3 

6 

20 

7 

19 

10 

20 

1 

5 

1 

1 

SOME  COMMON  AND  IMPORTANT  INSECTS 

Most  of  the  listed  insects  on  bitterbrush  are  too  poorly  studied  to  permit  their 
discussion.  Some  exceptions  are  presented  here  (see  also  Furniss  and  Barr  1975;  and 
Furniss  and  Krebill  1972). 

Species  That  Damage  Flowers  and  Fruits 

In  April  1961,  600  flower  buds  were  selected  for  weekly  observation  until  seed 
drop,  near  Boise,  Idaho  (Ferguson  and  others  1963;  Basile  and  others  1964).  One 
hundred  developing  fruits  on  adjacent  shrubs  were  collected  weekly  and  examined  for 
insect  damage.  Below  are  results  of  the  study  by  percentage  of  plants  damaged  by 
insects  (25  percent  of  seeds  were  normal): 


Buds,  flowers 

Thrips  and  unknown 
Fruits,  seeds 

Gelechiid  caterperillars 

Seed  midge 

Unknown  insect 

Shrivelled  or  spotted 


6.5 

5.0 

6.8 

0.7 

56.03 
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The  seed  midge  (believed  to  be  a  species  of  Mayetiola)  had  never  before  been 
reported  on  bitterbrush.  We  found  that  eggs  were  laid  between  the  calyx  tube  and  husk 
early  in  May.  After  hatching,  up  to  a  dozen  orangish  larvae  mine  through  the  husk  and 
evidently  feed  on  the  developing  seed,  causing  it  to  shrivel  and  blacken.  The  mature 
larvae  form  a  puparium  that,  because  of  its  appearance  is  called  the  flax-seed  stage. 
Infested  fruits  are  easily  recognized  by  their  more  narrow  appearance  and  because  they 
persist  on  the  plants  (fig.  2)  after  normal  fruits  have  dropped. 
9 

Mbout  one-fifth  of  these  seeds  were  black  and  shriveled,  characteristic  of  the  ' 
condition  associated  with  feeding  by  Chlorochroa  sayi  Stal .  The  remainder  were 
spotted,  cause  of  which  is  unknown  but  thought  to  involve  sucking  insects. 
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Figure  2, 


-Fruits  infested  with  midge  larvae  did  not  grow  to  normal  width,  and 
were  retained  long  after  normal  seeds  had  dropped  (January  photo). 


The  gelechiid  caterpillars  were  Filatima  sperryi  Clarke  and  Gelechia  mandel la 
Busck.  After  hatching,  the  first-instar  caterpil lars  bore  into  the  fruits  and  feed  on 
the  nutritious  seeds,  plugging  the  entry  with  their  silk  (fig.  3).  Later  they  bore 
out  through  a  clean  hole  and  spin  a  silken  web  and  tunnel  to  which  they  retreat  when 
not  feeding  on  leaves.  The  partially  eaten  leaves  dry  and  cling  to  the  silk.   I  have 
seen  foliage  of  young  shrubs  in  Valley  County,  Idaho,  heavily  damaged  by  these 
caterpillars.  The  webs  gave  the  shrubs  a  silvery  halo  appearance  when  backlighted. 

Feeding  on  fruits  by  Say's  stink  bug,  Chlorochroa  sayi  (Stal)  (fig.  4),  was  the 
cause  of  nonviable,  blackened  seeds  (Ferguson  and  others  1963;  Basile  and  Ferguson 
1964;  Ferguson  1967). 
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Figure  3. --Fruits  destroyed  by  min- 
ing of  first-instar 
gelechiid  caterpillars. 
Entry  holes  are  plugged  by 
silk;  caterpillars  exit 
through  open  holes  to  feed 
thereafter  on  leaves. 


167 


Figure  4. --Blackened  appearance  of  seeds 
on  left  is  due  to  feeding  by 
stink  bugs. 


DEFOLIATORS 

In  a  query  to  departments  of  fish  and  game  in  States  and  Provinces  of  Western 
North  America  and  to  other  people  involved  with  shrubs,  I  asked  what  insects  were 
their  greatest  concern.  Most  replied  that  tent  caterpillars  (Malacosoma  californicum 
Packard)  on  bitterbrush  were  most  common.  While  I  found  this  interesting,  it  is  not 
representative  of  the  true  situation  because  the  tents  are  conspicuous  and  most 
insects  aren't.  I  have  concluded  after  much  experience  that  most  insects  are  unseen 
by  anyone.  Their  damage  is  often  minor  and  nearly  always  subtle. 

Although  tent  caterpillars  have  been  recorded  defoliating  and  killing  bitterbrush 
over  thousands  of  acres  (Clark  1956),  I  have  noted  that  tents  (fig.  5)  occur  commonly 
on  relatively  few  plants  and  seldom  persist  beyond  a  year.  Nonetheless,  this  insect 
is  potentially  explosive,  destined  to  give  trouble  at  intervals.  Duration  of  such 
outbreaks  is  apt  to  be  short,  however,  due  to  a  native  virus  that  is  rampant  at  high 
larval  densities  (Clark  1955;  Clark  and  Thompson  1954). 


Figure  5. --Tent  caterpillars  congregate 
on  their  tent  when  not  feedinc 
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Recently,  the  walnut  spanworm,  Phigalia  plumogeraria  (Hulst)  dramatically 
defoliated  a  seed  orchard  near  Nephi ,  Utah  (Furniss  and  Van  Epps  1981;  Van  Epps  and 
Furniss  1981).  On  May  17,  1979,  the  orchard  appeared  normal  and  plants  were  in  full 
bloom  on  May  22.  We  now  know  that  there  had  to  be  hundreds  of  thousands  of  larvae  on 
the  shrubs  during  those  days--yet  their  presence  went  undetected  until  the  next  visit 
to  the  orchard  on  June  6  when  the  shrubs  were  found  to  be  stripped  of  foliage  and 
flowers.  In  the  laboratory,  I  determined  the  walnut  spanworm  cycles  through  its 
larval  (feeding)  stage  in  an  average  of  only  25  days  at  70°F  (21°C).  The  larvae  had 
five  instars,  each  exponentially  greater  in  size  than  the  previous  one.  The  fourth 
and  fifth  instars  (fig.  6)  consume  foliage  at  a  rate  many-fold  that  of  earlier 
instars. 

This  event  emphasizes  a  point:  Vast  populations  of  eggs  or  young  caterpillars 
could  be  present,  even  in  a  small  seed  orchard,  and  nobody  would  know.  Damage  caused 
by  loopers  during  their  first  two  or  three  instars  is  subtle--consisting  often  of 
etching  parts  of  leaf  surfaces.  But,  with  the  increase  in  physical  size  to  the  fourth 
and  especially  the  fifth  instar,  the  larvae  not  only  require  much  more  food,  but  they 
are  equipped  with  the  strength  and  equipment  to  do  so  in  large  quantities.  In  these 
later  instars,  they  reach  out  and  guide  edges  of  leaves  into  a  notch  in  their  labrum, 
whereby  the  leaf  is  fed  into  their  cavernous  mouths  like  hay  entering  a  baler.  Prior 
to  the  Nephi  orchard  defoliation,  the  walnut  spanworm  was  unknown  on  bitterbrush,  and 
unknown  in  Utah  except  for  a  few  adults  collected  in  flight. 


Figure  6.--A  mature  (fifth  instar)  walnut 
spanworm  about  to  polish  off  the 
remnants  of  bitterbrush  foliage. 
Such  larvae  stripped  a  Utah  seed 
orchard  of  its  leaves  and  develop 
inq  fruits  in  2  weeks. 


The  mountain  mahogany  looper,  Anacamptodes  animata  profanata  (Guen.), 
periodically  attains  epidemic  numbers  on  bitterbrush.  Prior  to  1961,  this  species  was 
known  only  from  adult  moths  collected  in  flight  without  knowledge  of  its  hosts  or 
biology.  Then  it  suddenly  defoliated  thousands  of  acres  of  curlleaf  mountain  mahogany 
in  Owyhee  County,  Idaho  (Furniss  and  Barr  1967).  Intermingled  bitterbrush  and  other 
shrubs  were  also  defoliated.  The  infestation  was  reported  by  a  rancher  who  was 
annoyed  while  riding  his  horse  by  webbing  hanging  from  the  tree-like  mountain 
mahagony.  I  used  that  clue  to  relate  the  defoliation  to  presence  of  many  pupae  in  the 
soil  beneath  defoliated  shrubs.  I  subsequently  learned  that  the  pupae  overwintered 
there  and  that  adults  emerged  at  night  in  the  spring  to  lay  eggs  on  the  shrubs.  The 
larvae  vary  amazingly  in  color  and  marking  depending  on  factors  such  as  crowding,  host 
plant  species,  and  environment,  making  their  identification  difficult. 
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Another  defol iator,  which  I  call  the  snail  case  bagworm,  Apterona  crenuella  Bruand 
(fig.  7),  came  here  from  Europe.  Interestingly,  the  form  (helix)  that  we  have 
reproduces  parthenogenetical ly--so  we  have  only  females,  although  both  females  and 
males  occur  in  Europe.  So  far,  not  a  great  amount  of  damage  has  occurred  to 
bitterbrush,  which  is  but  one  of  its  many  hosts. 

Still  another  defoliator  that  appears  to  have  been  introduced,  at  least  into 
Idaho,  is  the  western  tussock  moth,  Orgyia  vetusta  gulosa  (Boisd.)  (Furniss  and  Knopf 
1971)  (fig.  8).   In  the  1950' s  it  defoliated  bitterbrush  and  other  shrubs  near  Idaho 
City.  At  that  time,  a  smoke  jumper  contingent  was  in  Idaho  City,  generating  the 
possibility  that  some  firefighter  may  have  unknowingly  brought  back  among  his 
belongings  the  nucleus  of  this  population.  It  seems  to  become  epidemic  only  at  fairly 
lengthy  periods  and  is  controlled  by  a  native  virus. 


Figure  7.--Snailcase  bagworm 
larvae  on  bitter- 
brush. The  insect 
was  introduced 
accidentally  from 
Europe. 


Figure  8. --This  western  tussock  moth  caterpillar  is 
part  of  a  disjunct  population  thought  to 
have  been  accidentally  introduced  into 
southwestern  Idaho  from  its  more  westward 
range. 
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CONCLUSIONS  AND  RECOMMENDATIONS 

Although  the  diversity  of  insects  on  bitterbrush  is  actually  a  stabilizing  factor 
in  the  plant  community,  the  potential  exists  for  outbreaks  should  natural  controls 
fail  or  if  new  species  are  introduced. 


Further  research  should  include  intensive  study  of  predators  (including  spide 
which  are  virtually  unstudied)  and  parasites  of  phytophagous  insects;  the  kinds  an 
relationships  of  flower  visitors,  including  pollinators;  root  infesting  insects; 
possible  insect  vectors  of  diseases  of  bitterbrush;  differential  susceptibility  (o 
resistance)  of  hybrids  and  ecotypes  to  specific  insects;  surveying  insect  species 
their  abundance  in  the  various  bitterbrush  provenances,  and  on  hybrids  and  related 
species:  Stansbury  cliffrose  and  apache-plume;  and  insect-bitterbrush  plant  commu 
interrelationships. 
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Whoever  seeks  to  study  bitterbrush  insects  will  find  that  shrubs  in  general  are 
looked  on  by  many  as  undesirable,  and  likewise,  shrub  insects  as  being  less  important 
than  those  infesting  trees.  Researchers  will  also  face  difficulty  in  obtaining 
specific  identification  of  bitterbrush  insects  because  some  are  not  described,  others 
are  described  poorly,  or  the  taxonomy  of  a  group  is  confused.  More  often  the  insect 
stage  concerned  is  immature  and  seldom  included  in  the  species  description. 
Fortunately,  however,  I  have  usually  succeeded  in  getting  help  from  taxonomists  to 
unravel  the  identity  of  important  species  (see  Acknowledgments). 

Caution  should  be  taken  to  avoid  directing  research  only  on  species  causing  the 
most  obvious  current  damage  or  which  are  most  abundant  at  the  time.  Some  insects  have 
remained  at  low  levels  for  decades,  only  to  explode  and  defoliate  and  kill  extensive 
stands  of  shrubs.  A  concerned  person  should  make  every  effort  to  study  everything 
about  those  insects--then  interpret  their  importance. 

Finally,  I  recommend  keeping  an  eye  on  other  components  of  the  bitterbrush 
community.  Insects  and  other  factors  that  adversely  or  beneficially  affect  the 
regeneration,  vigor,  and  longevity  of  other  vegetation  can  affect  bitterbrush  as 
profoundly  as  insects  acting  directly  on  bitterbrush.  For  those  reasons,  a  good 
knowledge  of  community  relationships  is  needed  to  develop  management  practices  that 
benefit  more  than  they  harm. 
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NUTRITIVE  VALUE  OF  ANTELOPE  AITO  DESERT  BITTERBRUSH, 

STANSBURY  CLIFFROSE,  AND  APACHE-PLUME"'" 

2 
Bruce  L.  Welch,  Stephen  B.  Monsen,  and  Nancy  L.  Shaw 


ABSTRACT 

For  range  plants  that  are  grown  for  animal  consumption, 
nutritive  value  is  of  paramount  importance,  both  qualitatively 
and  quantitatively.   A  brief  description  is  given  concerning 
the  digestive  process  and  needs  of  consuming  animals  as  a 
basis  for  judging  the  nutritive  value  of  bitterbrush, 
cliffrose,  and  Apache-plume.   Also  discussed  are  the  cyclic 
use  of  antelope  bitterbrush  and  the  feasibility  of  improving 
the  winter  level  of  its  nutrients. 


INTRODUCTION 

For  range  plants  that  are  grown  for  animal  consumption,  nutritive  value  is  of 
paramount  importance,  both  qualitatively  and  quantitatively.   The  nutritive  value  of 
any  plant  is  judged  by  its  ability  to  supply  the  nutrients  to  meet  the  physiological 
requirements  of  the  consuming  animal.   Quantitatively  the  nutrient  needs  of  animals 
vary  according  to  species,  age,  size,  and  activity  (National  Academy  of  Sciences  1975; 
Haynard  and  others  1979).   Qualitatively,  nutrient  needs  of  animals  can  be  classified 
as  energy-producing  compounds,  protein,  minerals,  and  vitamins.   (Water  is  also  an 
important  nutrient  but  is  not  considered  in  this  paper.) 

THE  DIGESTIVE  PROCESS 

A  basic  understanding  of  the  digestive  processes  and  how  different  digestive 
racts  affect  the  digestive  process  is  important  in  understanding  the  nutrient  needs 
•f   range  animals. 

By  definition,  digestion  is  a  process  in  which  food  is  broken  down  into  small 
article  size  and  finally  solubilized  for  absorption  and  use  in  the  body  (Maynard  and 
thers  1979).   Ingestion  is  the  first  step  in  the  digestion  process.   In  the  mouth, 
cod  is  broken  up  by  mastication  and  mixed  with  saliva,  which  acts  as  a  food  softener 
ad  a  lubricant.   Large  differences  exist  among  animal  species  as  to  the  extent  food 
3  masticated  in  the  mouth.   Ruminant  animals  such  as  cattle,  sheep,  and  mule  deer 
loroughly  grind  grass  by  regurgitating  and  remasticating  the  food.   Cattle  are  poor 
:  grinding  small  seeds,  whereas  sheep  and  mule  deer  are  able  to  break  up  small  seed. 
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From  the  mouth,  the  food  moves  down  the  esophagus  into  the  stomach.  The  stomach  can 
be  a  single  compartment  or  four  compartments.  For  the  single  compartment  stomach 
(the  abomasum) ,  ingested  food  is  exposed  to  hydrochloric  acid  and  pepsin  secreted  by 
the  gastric  mucosa.  Some  microbial  fermentation  may  occur  in  the  single  compartment 
stomach.  From  the  stomach,  the  food  passes  into  the  small  intestine  where  digestion 
continues  and  adsorption  starts.  Limited  nutrient  absorption  and  digestion  occur  in 
the  last  organ  of  the  digestion  tract,  the  large  intestine. 

The  digestive  tract  of  an  animal  includes  the  mouth,  esophagus,  stomach,  small 
intestine,  and  large  intestine.   Digestive  fluids  are  pumped  into  the  tract  from  the 
liver  and  pancreas.   Glands  located  along  the  digestive  tract  in  the  mucus  lining 
also  secrete  digestive  fluids  into  the  tract.   Based  on  the  presence  or  absence  of  a 
compound  stomach  or  large  cecum,  animals  can  be  divided  into  two  great  groups;  those 
depending  on  microbial  fermentation  to  digest  highly  fibrous  foods,  and  those  lacking 
the  ability  to  support  microbial  fermentation.   Because  the  most  economically 
important  range  animals  have  fermentation  types  of  digestion  (including  cattle,  sheep, 
goats,  deer,  elk,  horses)^,  a  detailed  discussion  of  their  digestion  process  is 
needed. 

Animals  that  depend  on  microbial  fermentation  can  be  divided  into  two  groups; 
those  with  a  compound  stomach,  called  ruminants  (cattle,  sheep,  goats,  deer,  elk), 
and  those  with  a  simple  stomach  and  a  large  cecum  (horses,  rabbits).   The  ruminant 
stomach  is  divided  into  four  compartments,  rumen,  reticulum,  omasum,  and  abomasum. 
The  rumen  is  the  first  and  by  far  the  largest  of  the  compartments.   Hastily  eaten 
food  is  stored  in  the  rumen  under  conditions  that  favor  microbial  fermentation — 
warmth  (38°  to  42°C) ,  slight  acidity  (pH  6.8  to  6.0),  and  moisture.   The  food  later    I 
is  regurgitated,  thoroughly  chewed,  and  swallowed  back  into  the  rumen  for  additional  | 
microbial  digestion.   Muscular  contractions  by  the  rumen  and  reticulum  keep  the  highlj/j 
moistened  food  mass  mixed.   The  coarse,  less  dense  portion  of  the  food  mass  is  kept  i 
the  rumen  by  the  muscular  contractions  of  the  rumen  and  reticulum  for  additional 
digestion.   Macerated-digested  food  particles  and  the  bodies  of  millions  of  micro- 
organisms are  forced  into  the  reticulum  and  pass  on  to  the  omasum.   In  the  omasum, 
large  quantities  of  water  are  absorbed  that  concentrate  the  macerated-digested  food   |;ii, 
mass  and  microbial  mass.   From  the  omasum  the  food  and  microbial  mass  is  forced  by 
peristaltic  action  into  the  abomasum  where  true  digestion  begins.  |||yi 

During  the  fermentation  process,  volatile  fatty  acids  are  formed,  which  in  turn 
are  absorbed  directly  by  the  rumen  into  the  bloodstream.   Volatile  fatty  acids  are  th«( 
major  supplier  of  energy  to  the  animal.   Through  microbial  fermentation,  the  10 
essential  amino  acids  needed  by  the  animal  are  synthesized  by  the  rumen  microorganism! 
from  plant  protein,  urea,  and  inorganic  nitrogen.   These  amino  acids  may  occur  free 
in  the  rumen  to  be  absorbed  through  the  rumen  wall  and  enter  the  bloodstream,  or  may 
be  used  to  build  microbial  protein  that  becomes  available  to  animals  through  regular  . 
enzymatic  digestions.   Rumen  microorganisms  also  synthesize  all  the  B  vitamins 
needed  by  the  animal.   For  animals  capable  of  supporting  microbial  fermentation, 
protein  quality  and  B  vitamins  are  not  a  concern. 
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^For  nonf ermentation  digestion  tracts,  the  reader  is  referred  to  the  following 
publications:   Ensminger,  M.  E.,  and  C.  G.  Olentine,  Jr.  1978.  Feeds  and  nutrition — 
abridged.   The  Ensminger  Publ.  Co.,  Clovis,  California;  Maynard,  L.  A.,  J.  L.  Lossli, 
H.  F.  Hintz,  and  R.  C.  Warner.  1979.  Animal  nutrition.  7th  Ed.  McGraw  Hill  Co 
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NUTRIENT  NEEDS  OF  RANGE  ANIMALS 

From  a  quantitative  point,  the  nutrient  needs  of  animals  vary  according  to 
species,  age,  size,  and  activity  (National  Academy  of  Sciences  1975;  Maynard  and 
Dthers  1979).   Qualitatively,  nutrient  needs  of  animals  can  be  classified  as  follows: 
energv-producing  compounds,  protein,  minerals,  and  vitamins. 

Energy-Producing  Compounds 

Energy-producing  compounds  make  up  the  single  largest  class  of  nutrients  needed 
by  animals  (Dietz  1972;  National  Academy  of  Sciences  1975).   Energy  is  needed  to 
drive  the  various  physiological  processes  of  the  body,  and  to  provide  movement  and 
heat.   Energy  can  be  derived  from  a  variety  of  compounds,  including  sugars,  fats, 
pectins,  starch,  and  protein,  and  in  the  case  of  ruminants  and  others  with  fermenta- 
tion abilities,  indirectly  from  cellulose  and  hemicellulose  (Dietz  1972;  National 
Academy  of  Sciences  1975;  Maynard  and  others  1979).   Some  plant  products  including 
monoterpenoids  and  lignin  do  not  furnish  energy  to  the  animal  (Cook  1972;  Short  and 
others  1972;  Maynard  and  others  1979). 

The  energy  needs  of  animals  are  expressed  in  several  forms  such  as  total  diges- 
tible nutrients,  digestible  energy,  or  metabolizable  energy.   Total  digestible 
nutrients  (TDN)  is  the  sum  of  all  the  digestible  organic  compounds  (proteins,  sugars, 
cellulose,  and  so  forth)  with  the  digestible  crude  fat  component  being  multiplied 
by  the  heat  factor  2.25  (Maynard  and  others  1979).   The  TDN  requirement  of  an  animal 
is  expressed  as  kilograms  per  animal  per  day  or  as  a  percent  of  the  diet.   Digestible 
energy  (DE)  is  calculated  by  subtracting  the  gross  calories  in  the  feed  from  the 
calories  in  the  feces  (Maynard  and  others  1979) .   DE  requirement  of  an  animal  is 
expressed  as  megacalories  per  animal  per  day  or  as  megacalories  per  kilogram  of  dry 
natter.   DE  does  not  take  into  consideration  losses  of  energy  in  the  urine  and  in  the 
form  of  combustible  gases.   IJhen  the  energy  losses  in  the  urine  and  in  the  combustible 
5ases  have  been  subtracted,  the  remaining  energy  is  called  metabolizable  energy  (ME). 
Measuring  the  energy  lost  in  the  urine  and  combustible  gases  is  expensive  and  subject 
:o  large  experimental  error  (Dietz  1970).   The  ME  requirement  of  an  animal  is  expres- 
sed as  megacalories  per  animal  per  day  or  as  megacalories  per  kilogram  of  dry  matter 
'Maynard  and  others  1979) . 

\ 

Energy  needs  of  range  animals  vary  according  to  weight  and  activity  of  the  ani- 
al .   Larger  animals  require  more  kilograms  of  TDN  per  day  for  a  given  activity 
han  do  smaller  animals.   A  lactating  female  requires  more  kilograms  of  TDN  per  day 
han  a  nonlactating  female  of  similar  weight.   On  a  constant  weight  basis,  lactation 
equires  ^  greater  amount  of  energy  than  do  other  types  of  activities.   Lactation 
s  followed  in  descending  order  of  energy  needed  by  fattening,  growing,  gestation, 
nd  maintenance  (National  Academy  of  Sciences  1975). 

Protein 

Protein  in  animal  bodies  makes  up  a  large,  chemically  related,  but  physiologi- 
ully  diverse  group  of  compounds.   Protein  is  the  major  organic  compound  of  the 
cgans  and  soft  tissues  of  the  body.   All  proteins  are  made  from  a  common  set  of 
Uilding  blocks  known  as  amino  acids.   Proteins  are  the  chief  component  in  a  number 
(  bodily  structures:  (1)  skeleton  muscle  for  external  movement;  (2)  smooth  muscle 
i  r  internal  movement  (including  breathing  and  the  passage  of  food  through  the 
cgestive  tract);  (3)  cardiac  muscle  for  the  movement  of  blood;  (4)  tendons  and 
Igaments  for  tying  together  body  parts  such  as  bones,  muscles,  and  organs;  (5) 
Cgans  and  glands  such  as  the  stomach,  eye,  pituitary,  and  skin  (with  its  covering 
c  hair);  and  (6)  other  structures  including  hemoglobin,  cytochromes,  and  membrance. 
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Another  functionally  important  group  of  protein  compounds  is  enzymes,  which  provide 
the  framework  in  which  the  chemical  reactions  of  the  body  take  place. 

Because  proteins  are  involved  in  so  many  bodily  functions,  the  animal  needs  a 
liberal  and  continuous  supply  of  them.   Like  energy,  the  protein  requirement  varies 
according  to  the  weight  and  activity  of  the  animal.   For  ruminants  and  other  animals 
that  have  fermentation  type  digestive  systems  (horses,  rabbits,  burros),  the  quality 
of  the  protein  is  not  important,  only  the  quantity.   The  animal's  protein  requirement 
is  expressed  as  grams  per  day  of  digestible  protein  or  as  a  percent  digestible 
protein  in  the  diet.   The  requirement  may  also  be  expressed  as  grams  per  day  of  crude 
or  total  protein  in  the  diet.   As  with  energy,  the  greather  the  weight  of  the  animal, 
the  higher  the  protein  needs.   This  assumes  that  activity  is  held  constant.   Protein 
needs  for  the  various  animal  activities  with  body  weight  held  constant  is  in  the  same 
order  as  for  energy  (National  Academy  of  Sciences  1975) . 

Minerals 

Mineral  elements  essential  for  the  health  of  animals  number  about  15.   Of  these, 
seven  are  considered  major  elements:   sodium,  chlorine,  calcium,  phosphorus,  magnesium 
potassium,  and  sulfur.   The  remaining  eight  are  classified  as  trace  elements:   iodine, 
iron,  copper,  molybdenum,  cobalt,  manganese,  zinc,  and  selenium.   These  essential 
mineral  elements  constitute  the  major  components  of  bones  and  teeth,  maintain  osmotic 
relations  and  acid-base  equilibrium,  play  an  important  role  in  regulating  enzymatic   ! 
systems  and  muscular  contraction,  and  are  constituents  of  most  organic  compounds.     i 
They  are  also  important  in  energy  transfer  (Ensminger  and  Olentine  1978;  Maynard  and 
others  1979) . 

Under  most  conditions,  calcium  and  phosphorus  are  the  mineral  elements  of  major 
concern.   Animal  needs  for  calcium  and  phosphorus  are  expressed  as  grams  per  day 
per  animal  or  as  a  percent  of  the  diet.   Larger  animals  under  similar  activity  need 
greater  amounts  of  calcium  and  phosphorus  than  do  smaller  animals.   With  size  held 
constant,  lactating  animals  require  the  most  amount  of  calcium  and  phosphorus,  fol- 
lowed by  growth,  fattening,  gestation,  and  maintenance.   The  reader  should  note  the 
requirement  for  energy  and  protein  is  greater  for  the  fattening  activity  than  for 
the  growing  activity  (National  Academy  of  Sciences  1975) . 
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Vitamins  are  organic  compounds  needed  by  the  body  in  relatively  small  amounts. 
They  are  unrelated  chemically,  but  function  as  metabolic  regulators  (Maynard  and 
others  1979).   For  animals  capable  of  supporting  microbial  fermentation,  only 
vitamin  A  is  of  major  concern.   Vitamin  A  combines  with  a  specific  protein  of  the  eye 
to  produce  visual  purple.   Vitamin  A  is  also  important  in  normal  development  of  bones 
in  normal  power  of  disease  resistance,  and  in  maintaining  healthy  epithelium  tissues. 
Because  this  vitamin  is  manufactured  from  the  plant  precursor  carotene,  the  vitamin  A- 
requirement  is  expressed  in  terms  of  carotene,  either  as  milligrams  per  animal  per  daj|S?i 
or  milligrams  per  kilogram  of  dry  matter.   With  size  held  constant  a  lactating  animal? 
requires  the  most  carotene,  followed  by  growth,  fattening,  gestation,  and  maintenancei 
(National  Academy  of  Sciences  1975) . 
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NUTRITIVE  VALUE  OF  BITTERBRUSH,  CLIFFROSE,  AND  APACHE-PLWIE 

Antelope  bitterbrush,  normally  considered  a  winter  forage  for  mule  deer  (Giunta 
and  others  1978),  is  one  of  the  major  shrubs  in  their  fall  diet  (Leach  1956;  Tueller 
1979;  Medin  ) .   After  fall,  the  amount  of  antelope  bitterbrush  in  the  mule  deer  diet 
drops  and  the  amount  of  big  sagebrush  or  other  shrubs  increases  to  a  peak  in  midwinter 
and  starts  declining  in  midspring  (Leach  1956;  Tueller  1979;  Medin'^).   Leach  (1956) 
observed  on  California  winter  ranges  that  the  low  use  of  bitterbrush  during  the  winter 
months  is  not  correlated  with  availability.   A  report  on  Colorado  winter  ranges  by 
Medin  agrees.   Welch  and  Andrus  (1977)  reported  heavy  winter  mule  deer  use  on  big 
sagebrush  and  rosehips  but  none  on  antelope  bitterbrush  on  a  Utah  range.   Even  on 
ranges  v;here  the  composition  of  antelope  bitterbrush  and  big  sagebrush  was  equal  (27 
and  29  percent,  respectively)  the  mule  deer  consumed  much  more  big  sagebrush  during 
winter  (Leach  1956).   This  cyclic  heavy  use  of  antelope  bitterbrush  in  the  fall  to  big 
sagebrush  use  in  the  winter  appears  to  be  independent  of  the  winter's  severity  (mild- 
open  to  cold  with  deep  snow)  (Leach  1956).   Tueller  (1979),  however,  attributed  the 
low  level  of  antelope  bitterbrush  in  the  diet  of  wintering  mule  deer  in  Nevada  to 
short  supplies  of  bitterbrush. 

The  Leach  (1956),  and  Medin^  studies  suggest  that  antelope  bitterbrush  may  be 
primarily  a  fall  forage  for  mule  deer,  that  deer  tend  to  switch  from  antelope  bitter- 
brush to  big  sagebrush  or  other  browse  during  the  winter  months,  and  that  this  switch 
is  not  necessarily  due  to  short  supplies  of  antelope  bitterbrush.   The  importance  of 
antelope  bitterbrush  as  a  winter  forage  for  mule  deer  may  not  be  as  much  as  commonly 
held.   But,  its  position  as  an  important  fall  forage  for  mule  deer  needs  to  be 
emphasized. 

Winter  Digestibility 

As  explained  earlier,  total  digestible  nutrients  is  a  measurement  of  energy  in  a 
'forage.   The  total  digestible  nutrient  requirement  for  wintering  sheep  (maintenance) 
Ls  55  percent  (National  Academy  of  Sciences  1975).   Total  digestible  nutrient  require- 
lent  for  wintering  mule  deer  is  unknown  but  is  probably  close  to  that  of  sheep, 
leported  total  digestible  nutrient  levels  for  antelope  bitterbrush  range  from  39.7  to 
)4.8  percent;  the  mean  is  47.5  percent  (Bissell  and  others  1955;  Dietz  and  others 
.962;  Smith  1952;  1957;  Urness  and  others  1977).   This  compares  to  64.8  percent  for 
;urlleaf  mahogany,  63.4  for  big  sagebrush,  60.8  for  juniper,  48.4  for  mountain 
lahogany,  38.9  for  chokecherry,  and  36.2  for  Gambel  oak  (table  1).   Only  curlleaf 
ahogany,  big  sagebrush,  and  juniper  meet  or  exceed  the  total  digestible  nutrient 
equirement  of  wintering  sheep  and  probably  wintering  mule  deer.   In  general,  dormant 
rasses  are  higher  in  total  digestible  nutrients  than  are  most  shrubs,  and  evergreen 
hrubs  contain  more  digestible  energy  in  the  winter  than  do  deciduous  shrubs  (Cook 
972;  Welch  1981). 

In  vitro  digestibility  trials  show  that  evergreen  shrubs  such  as  big  sagebrush 
id  curlleaf  mahogany  are  more  digestible  than  the  deciduous  shrubs  (table  2) .   The 
1  vitro  digestibility  of  antelope  bitterbrush  is  25.1  percent.   This  compares  to  big 
igebrush  at  55.6  percent,  black  sagebrush  at  53.1,  chokecherry  at  38.2,  Gambel  oak 
:  29.5,  and  mountain  mahogany  at  24.3  (see  table  2  for  other  shrubs  and  references). 


'^Medin,  D.  E.   Unpublished  data  on  file  at  the  Shrub  Sciences  Laboratory,  Provo, 
Uh. 
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Table  1. — Total  digestible  nutrients  of  winter  shrubs 


Shrub 


Total  digestible 
nutrients 
(percent) 


Reference* 


Curlleaf  mahogany 

Big  sagebrush 

Juniper 

Mountain  mahogany 

Bitterbrush 

Chokecherry 

Gambel  oak 


64.8 
63.4 
60.8 
48.4 
47.5 
38.9 
36.2 


2,  3,  6 

1,  2,  3,  4,  5, 

2,  3 

3,  4,  6 

2,  3,  4,  5,  6 

3 

3 


*Ref erence 

1  -  Smith  1950. 

2  -  Smith  1952. 

3  -  Smith  1957. 

4  -  Dietz  and  others  1962. 

5  -  Bissell  and  others  1955. 

6  -  Urness  and  others  1977. 


Table  2. — In  vitro  digestibility  of  winter  shrubs 


iari 


Shrub 


Dry  matter   digestibility 
(percent) 


Reference* 


Big  sagebrush 

Black  sagebrush 

Curlleaf  mahogany 

Rosehips  (Sweetbrier  rose) 

Rubber  rabbitbrush 

Winterfat 

Chokecherry 

Saskatoon  serviceberry 

Gambel  oak 

Bitterbrush 

True  mahogany 


55.6 
53.1 
51.6 
49.1 
45.9 
44.7 
38.2 
34.6 
29.5 
25.1 
24.3 


1,  2,  3,  4,  5,  6 

8 

1,  A 

4 

6 

8 

7 

6 

5 

1,  4,  6 

1,  4 


f: 


*Ref erence 

1  -  Urness  and  others  1977. 

2  -  Wallmo  and  others  1977. 

3  -  Sheehy  1975. 

4  -  Welch  and  Pederson  1981. 

5  -  Kufeld  and  others  1981. 

6  -  Ward  1971. 

7  -  Uresk  and  others  1975. 

8  -  Welch  and  others,  in  press. 


Winter  Crude  Protein  Levels 


The  protein  requirement  for  wintering  sheep  and  probably  for  mule  deer  is  8.9 
percent  (National  Academy  of  Sciences  1975).   Antelope  bitterbrush  has  a  reported    \-^ 
winter  crude  protein  content  of  7.9  percent,  desert  bitterbrush  8.0  and  cliffrose  8.4 
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(see  table  3  for  references).   These  values  compare  to  big  sagebrush  at  10.7  percent, 
curlleaf  mahogany  at  10.1,  fourwing  saltbush  at  9.6,  chokecherry  at  8.5,  mountain 
mahogany  at  7.8,  Saskatoon  serviceberry  at  5.7,  and  Gambel  oak  at  5. A  (see  table  3 
for  additional  shrubs  and  for  references) .  Only  big  sagebrush,  curlleaf  mahogany, 
and  fourwing  saltbush  meet  or  exceed  the  crude  protein  requirement.   In  general, 
evergreen  shrubs  are  higher  in  the  winter  level  of  crude  protein  than  are  deciduous 
shrubs,  and  deciduous  shrubs  are  much  higher  in  the  winter  level  of  crude  protein 
than  are  dormant  grasses  (Cook  1972;  Welch  1981). 


Table  3. — Winter  crude  protein  level  of  shrubs 


Shrub 


Crude  protein 
(percent  dry  matter) 


Reference''^ 


Big  sagebrush 
Black  sagebrush 
Curlleaf  mahogany 
Fourwing  saltbush 
Chokecherry 

Rocky  Mountain  juniper 
Clif frose 
Utah  juniper 
Desert  bitterbrush 
Antelope  bitterbrush 
Mountain  mahogany 
Shadscale 
Gardner  saltbush 
Rubber  rabbitbrush 
Saskatoon  serviceberry 
Gambel  oak 


10.7 
10.2 
10.1 
9.6 
8.5 
8.5 
8.4 
8.0 
8.0 
7.9 
7.8 
7.7 
7.2 
6.8 
5.7 
5.4 


1,2,3,4,6,8,9,10,12 

10,12 

3,7 

11 

3,5,10 

1 

5 

3,5 

3 

1,3,4,7,8,9 

1,5,8 

10 

10 

1,10 

3,10 

5 


*Ref erence 


10  -  National  Academy  of  Sciences  1958. 

11  -  Welch  and  Monsen  1981. 

12  -  Sheehy  1975. 


1  -  Dietz  and  others  1962. 

2  -  Welch  and  McArthur  1979. 

3  -  Tueller  1979 

4  -  Bissell  and  others  1955. 

5  -  Smith  1950. 
S  -  Smith  1952. 

7  -  Trout  and  Thiessen  1973. 

I  -  Medin  and  Anderson  1979  (data  converted  to  dry  matter  basis) 

)  -  National  Academy  of  Sciences  1975. 


Winter  Phosphorus  Levels 

The  phosphorus  requirement  for  wintering  sheep  and  probably  mule  deer  is  0.24 
ercent  (National  Academy  of  Sciences  1975) .   Winter  phosphorus  content  of  antelope 
nd  desert  bitterbrush  is  0.13  and  0.10  percent,  respectively  (table  4).   Both  are 
ell  below  the  requirement.   Even  though  aspen  (0.23  percent),  juniper  (0.22),  big 
agebrush  (0.22),  Gardner  saltbush  (0.21),  and  other  shrubs  contain  significantly 
igher  levels  of  winter  phosphorus  than  the  two  bitterbrushes,  they  do  not  meet  the 
bosphorus  winter  requirement  (see  table  4  for  additional  shrubs  and  for  references) 
1  general,  shrubs  are  significantly  higher  in  winter  levels  of  phosphorus  than  are 
irmant  grasses  (Cook  1972;  Welch  1981). 
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Table  4. — Winter  phosphorus  level  of  shrubs 


Shrub 


Phosphorus 

(percent  dry  matter) 


Reference* 


Aspen 

Big  sagebrush 

Rocky  Mountain  juniper 

Gardner  saltbush 

Chokecherry 

Saskatoon  serviceberry 

Curlleaf  mahogany 

Black  sagebrush 

Fourwing  saltbush 

Rubber  rabbitbrush 

Mountain  mahogany 

Antelope  bitterbrush 

Shadscale 

Desert  bitterbrush 


0.23 
.22 
.22 
.21 
.18 
.17 
.17 
.16 
.15 
.14 
.13 
.13 
.12 
.10 


8 

1,2,3,4,5,6 

8 

5 

2,7 

2,7 

2,3 

5 

4 

1,4,8 

1,6 

1,2,3,4,6 

4,5 

2 


*Ref erence 

1  -  Dietz  and  others  1962 

2  -  Tueller  1979 

3  -  Trout  and  Thiessen  1973 

4  -  National  Academy  of  Sciences  1958 

5  -  National  Academy  of  Sciences  1964 


6  -  Medin  and  Anderson  1979  (data 

converted  to  dry  matter  basis) 

7  -  Dietz  1972 

8  -  Short  and  others,  unpublished  data 


VJinter  Carotene  Levels 

All  shrubs  furnish  enough  carotene  to  meet  the  winter  vitamin  A  requirements  for 
sheep  and  mule  deer;  dormant  grasses  furnish  very  little  carotene.   Range  animals 
consuming  large  amounts  of  dormant  grass  could  easily  develop  a  vitamin  A  deficiency 
(Cook  1972;  Welch  1981). 

As  a  winter  forage,  antelope  bitterbrush  supplies  more  carotene,  crude  protein, 
and  phosphorus,  but  less  energy  than  does  dormant  grass.   Desert  bitterbrush  and 
cliffrose  may  supply  a  little  more  crude  protein  and  energy  than  does  antelope 
bitterbrush.   Several  shrubs  such  as  big  sagebrush,  fourwing  saltbush,  and  curlleaf 
mahogany  supply  significantly  more  crude  protein,  phosphorus,  and  energy  to  the 
consuming  animal  than  does  antelope  bitterbrush.   The  gradual  dietary  switch  from  an 
antelope  bitterbrush  base  to  a  big  sagebrush  base  observed  by  Leach  (1956)  and 
Medin^  could  be  the  result  of  mule  deer  selecting  for  a  higher  nutritive  plane  in  the^  ^ 
diet  in  response  to  increasing  environmental  stress. 


k 


Improving  the  Winter  Level  of  Nutrients 

Dietz  and  others  (1962)  reported  that  the  total  digestible  nutrient  content  of 
a  winter  sample  of  antelope  bitterbrush  containing  a  large  amount  of  v/intering  green 
leaves  was  52.5  percent.   Presence  of  green  leaves  is  an  indicator  of  a  high  level  of 
nutrients  (Ensminger  and  dentine  1978).   The  question  becomes,  was  the  antelope 


^Medin,  D.  E.  Unpublished  data  on  file  at  the  Shrub  Sciences  Laboratory,  Provo, 


Utah, 
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genetically  superior  in  producing  wintering  green  leaves,  or  was  the  abundance  of 
leaves  due  to  unusual  environmental  conditions  such  as  a  warm-moist  fall  or  winter? 
Alderfer  (1976)  and  Monsen^  have  observed  that  some  populations  of  antelope  bitter- 
brush  retain  more  green  leaves  during  the  winter  than  others.   Giunta  and  others 
(1978)  report  genetic  differences  among  antelope  bitterbrush  in  growth  habit, 
adaptation,  and  so  forth.   If  genetic  factors  are  important  in  determining  winter 
leafiness,  then  breeding  and  selection  programs  could  be  devised  to  maximize 
leafiness  and  winter  nutrient  content. 

To  broaden  our  understanding  of  the  role  that  genetics  might  play  in  determining 
leafiness  and  crude  protein,  we  undertook  a  study  to  determine  the  variation  of 
winter  leafiness,  crude  protein,  and  in  vitro  digestibility  among  five  accessions  of 
antelope  bitterbrush,  two  accessions  of  desert  bitterbrush,  and  one  accession  each  of 
cliffrose  and  Apache-plume.   All  accessions  were  grown  in  a  uniform  garden.   Desert 
bitterbrush,  cliffrose,  and  Apache-plume  were  included  because  they  can  be  hybridized 
with  antelope  bitterbrush  (Blauer  and  others  1975;  Koehler  and  Smith  1981). 
Significant  variation  among  accessions  would  indicate  that  genetic  factors  are 
important  in  determining  winter  leafiness,  crude  protein  levels,  and  in  vitro 
digestibility.   Locations  of  the  accessions  by  county  and  state  are  given  in  tables 
5  and  6. 

Table  5. — Winter  crude  protein  levels  among  accessions  of  Apache-plume,  antelope 

bitterbrush,  desert  bitterbrush,  and  cliffrose  grown  in  a  uniform  garden. 
Data  expressed  on  a  dry  matter  basis 


Accession 


County  and  State 


Crude  protein 
(percent) 


Fallugia  paradoxa  (Apache-plume) 
Purshia  tridentata  (Antelope 

bitterbrush) 
Purshia  tridentata 
Purshia  tridentata 
Purshia  tridentata 
Purshia  tridentata 
Purshia  glandulosa  (Desert 

bitterbrush) 
Cowan ia  mexicana  ssp. 

stansburiana  (Cliffrose) 
Purshia  glandulosa 


Sevier,  Utah 
Moffatt,  Colorado 

Juab,  Utah 
Carbon,  Utah 
Ada,  Idaho 
Lassen,  California 
X\fashington,  Utah 

Utah,  Utah 

Mono,  California 


A.  8* 
5.9'' 


6.6 
6.8 
6.9 


7.9 
8.6 


9.3 


cd 
cd 

d 


*  Means  sharing  the  same  letter  superscript  are  not  significantly  different  at  the 
95  percent  level. 


'Monsen,  S.  B.   Unpublished  data  on  file  at  the  Forestry  Sciences  Laboratory, 


Boise,  Idaho, 
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Table  6. — Winter  leafiness  among  accessions  of  Apache-plume,  antelope  bitterbrush, 
desert  bitterbrush,  and  cliffrose  grown  in  a  uniform  garden.   Data 

expressed  on  a  dry  matter  basis 


Accession 


County  and  State 


Purshia  tridentata  (Antelope 

bitterbrush) 
Purshia  tridentata 
Purshia  tridentata 
Purshia  tridentata 
Purshia  tridentata 
Fallugia  paradoxa  (Apache-plume) 
Cowania  mexicana  ssp. 

stansburiana  (Cliffrose) 
Purshia  glandulosa  (Desert 

bitterbrush) 
Purshia  glandulosa 


Ada,  Idaho 

Moffat,  Colorado 
Carbon,  Utah 
Juab,  Utah 
Lassen,  California 
Sevier,  Utah 
Utah,  Utah 

Washington,  Utah 

Mono,  California 


Winter  leaves 
(percent) 


5.9' 


7.4 
9.0 
13.1 
15.1^ 
27.3^ 
47.5^ 


49.5 


50.5 


ab 

abc 

be 


^'Means  sharing  the  same  letter  superscript  are  not  significantly  different  at  the 
95  percent  level. 


From  the  uniform  garden,  we  collected  current  year  growth  (stems  with  leaves, 
if  present)  from  five  plants  for  each  accession.   The  five  plants  were  chosen  at 
random.   Nitrogen  content  was  determined  by  the  Kjeldahl  method  and  the  crude  protein 
level  calculated  (Association  of  Official  Analytical  Chemists  1980).   Crude  protein 
was  expressed  as  a  percent  of  dry  matter.   To  determine  in  vitro  digestibility,  we 
used  the  Pearson  (1970)  in  vitro  digestibility  method. 

We  used  completely  random  analysis  of  variance  to  detect  significance  among  the 
nine  shrub  accessions.   Hartley's  test  (a=0.05)  was  used  to  determine  significant 
differences  among  accession  means  (Sendecor  and  Cochran  1967) .   Percentages  were 
transformed  to  arcsin  to  avoid  inequalities  in  the  variance. 

The  winter  crude  protein  content  means  for  the  accessions  of  antelope  bitterbrush, 
desert  bitterbrush,  Stansbury  cliffrose,  and  Apache-plume  were  6.8,  9.0,  8.8,  and  4.8 
percent  (dry  matter  basis),  respectively.   Significant  differences  in  the  crude 
protein  levels  were  attributed  to  accessions  (table  5).   The  Apache-plume  was  signi- 
ficantly (a=0.05)  lowest  of  all  accessions  tested.   Desert  bitterbrush  from  Mono 
County  in  California,  contained  the  highest  crude  protein  content  of  all  accessions 
(9.3  percent),  although  not  significantly  higher  than  the  Stansbury  cliffrose  (8.8), 
and  the  desert  bitterbrush  (8.6)  from  Washington  County,  Utah.   Antelope  bitterbrush 
from  Moffat  County,  Colorado,  contained  significantly  more  (5.9)  crude  protein  than 
the  Apache-plume:,  but  was  significantly  lower  than  the  remaining.   The  antelope 
bitterbrush  from  Lassen  County,  California,  contained  significantly  higher  levels  of 
crude  protein  (7.9)  than  the  other  antelope  bitterbrush,  but  less  than  the  two 
desert  bitterbrush  and  Stansbury  cliffrose  accessions. 

V/inter  leafiness  also  varied  significantly  among  the  accessions  (table  6) .   The 
two  desert  bitterbrush  and  the  cliffrose  were  significantly  more  leafy  than  the 
others.   Apache-plume  was  significantly  more  leafy  than  any  of  the  five  antelope 
bitterbrush,  but  significantly  less  than  the  tv/o  desert  bitterbrush  and  the 
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cliff rose.   Leafiness  ranged  from  5.9  to  15.1  percent  of  current  year  growth  among 
the  five  accessions  of  antelope  bitterbrush. 

In  vitro  digestibility  also  varied  significantly  among  the  accessions  (table  7). 
The  two  desert  bitterbrush  and  the  cliffrose  were  significantly  more  digestible  than 
the  others.   Antelope  bitterbrush  from  Lassen  County,  California,  was  more 
digestible  than  antelope  bitterbrush  from  Colorado,  Utah,  or  Idaho. 


Table  7. — In  vitro  digestibility  of  winter  forage  samples  from  accessions  of  Apache- 
plume,  antelope  bitterbrush,  desert  bitterbrush,  and  cliffrose  grown  in  a 
uniform  garden.   Data  expressed  on  a  dry  matter  basis 

Digested  dry 
Accession County  and  state matter  (percent) 

Purshia  tridentata  (Antelope  bitterbrush)   Moffat,  Colorado  24.1 

Purshia  tridentata  Juab,  Utah  25.2  , 
— . '  a  b 

Purshia  tridentata  Carbon,  Utah  26.4 


ab 
Fallugia  paradoxa  (Apache-plume)  Sevier,  Utah  29.8 


Purshia  tridentata  Ada,  Idaho  28.3, 


Purshia  tridentata  Lassen,  California        30.6  , 

'  Qf^ 

Purshia  glandulosa  (Desert  bitterbrush)     Washington,  Utah  34.6 


be 

C( 

d 


Purshia  glandulosa  Mono,  California  ^''•^h 

Cowania  mexicana  ssp.  stansburiana         Utah,  Utah  37.6 

(Cliffrose) 

*Means  sharing  the  same  letter  superscript  are  not  significantly  different  at  the  95 
percent  level. 

The  relationships  between  leafiness  and  crude  protein  and  between  leafiness  and 
digestibility  were  highly  significant  (r=.80  and  r=.92,  respectively).   Because  these 
data  were  generated  on  even-aged  plants  grown  in  a  uniform  garden,  we  concluded  that 
genetic  factors  play  an  important  role  in  determining  winter  levels  of  leafiness, 
crude  protein,  and  in_  vitro  digestibility  in  antelope  bitterbrush,  desert  bitter- 
brush, cliffrose,  and  Apache-plume.   Due  to  the  limited  number  of  accessions  we  used, 
we  are  expanding  our  gardens  to  include  more  accessions  of  antelope  bitterbrush, 
desert  bitterbrush,  and  cliffrose.   We  hope  to  locate  superior  strains  for  our 
breeding  and  selecting  program  aimed  at  increasing  the  nutritional  quality  of 
bitterbrush  planted  on  fall  and  winter  ranges  of  mule  deer  and  livestock. 
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GOAT  USE  IN  FALL  INCREASES  BITTERBRUSH 
BROWSE  AND  REDUCES  SAGEBRUSH  DENSITY^ 

Philip  J.  Urness  and  Charles  H.  Jensen^ 

ABSTRACT 

Bitterbrush  responded  to  heavy  fall  grazing  (100  percent  of 
CAG)  by  Spanish  goats  with  significant  increases  in  twig 
production,  while  twig  growth  of  big  sagebrush  generally 
decreased  on  plants  used  more  than  70  percent  (23  percent  of 
those  plants  died).   Thus,  impact  grazing  favored  bitterbrush 
and  weakened  big  sagebrush,  a  desired  result  on  ranges  where 
quantity  of  sagebrush  exceeds  the  forage  needs  of  wintering 
big  game. 

INTRODUCTION 

Attention  has  been  focused  recently  on  using  domestic  ungulates  at  various 
seasons  and  stocking  intensities  to  manage  for  planned  vegetational  mixes  on  western 
North  American  rangelands.   Spring  grazing  by  cattle  (Smith  and  Doell  1968)  and 
sheep  (Jensen  and  others  1972;  Urness  1982)  was  compatible  with  winter  use  by  deer 
and  elk  on  Utah  foothill  ranges,  provided  domestic  animals  were  removed  before 
appreciable  bitterbrush  (Purshia  tridentata  Pursh  [DC])  twig  growth.   Neal  (1982) 
demonstrated  similar  responses  of  bitterbrush  to  early  summer  cattle  use  in 
northeastern  California  and  south-central  Oregon.   Horses  can  be  grazed  on  such 
ranges  throughout  summer  without  adverse  impacts  on  bitterbrush  or  associated  shrubs 
(Reiner  and  Urness  1982).   Indeed,  bitterbrush  twig  production  can  be  increased  by 
properly  timed  livestock  grazing  (Hubbard  and  Sanderson  1961) .   Anderson  and 
Scherzinger  (1975)  reported  a  substantial  increase  in  elk-carrying  capacity  on 
eastern  Oregon  rangeland  where  cattle  were  well  managed.   The  unifying  concept  in 
these  studies  is  that  temporal  separation  allows  livestock  to  utilize  herbaceous 
forages  that  enhance  the  competitive  capabilities  of  desirable  shrubs,  and/or 
improve  the  quality  of  herbaceous  forage  remaining  for  wintering  big  game. 

Spanish  goats  have  been  used  in  the  Southwest  to  decrease  woody  plants  in 
pastures  where  interspecific  competition  and  selective  grazing  have  reduced  more 
palatable  forages  (Huss  1972).   Secondary  benefits  included  lowered  fuel  loading 
(and  risk  of  wildfire,  Green  and  others  1979)  and  a  marketable  product — meat  (Merril 
and  Taylor  1976) .   Spanish  goats  were  considered  superior  to  other  types  for  brush 
control;  moreover,  the  authors  indicated  goats  were  productive  on  forage  that  sheep 
and  cattle  have  difficulty  utilizing. 


^Paper  presented  at  the  Bitterbrush  and  Cliffrose  Symposium  at  Salt  Lake  City, 
Utah,  April  13-15,  1982.   A  contribution  of  Utah  Division  of  Wildlife  Resources, 
Federal  Aid  Project  W-105-R. 

^Respectively,  Associate  Professor,  Range  Science  Department,  Utah  State 
University,  Logan,  84322;  and  former  Wildlife  Biologist,  Utah  Division  of  Wildlife 
Resources,  and  Collaborator,  Range  Science  Department,  Utah  State  University,  Logan, 
84322. 


186 


In  Colorado,  Gambel  oak  (Quercus  gambelii  Nutt.)  sprouts  were  controlled  by 
goats,  and  their  use  provided  increased  herbaceous  forage  for  cattle  (Davis  and 
others  1975).   High  tannin  levels  in  Gambel  oak  may  limit  the  ability  of  goats  to 
consume  a  monospecific  diet  (Nastis  and  Malechek  1981);  however,  when  mixed  with 
other  nutritious  forages,  goats  can  perform  well.   This  pattern  likely  occurs  with 
other  woody  plants  besides  oaks.   For  example,  goats  were  used  to  prune  blackbrush 
(Coleogyne  ramosissima  Torr.)  in  winter  to  stimulate  current  season's  growth  and 
improve  the  quantity  and  quality  of  forage  for  cattle  (Provenza  and  others^). 
Plants  browsed  heavily  for  four  successive  years  produced  significantly  more  current 
annual  twig  growth  than  unbrowsed  plants.   But  high  tannin  content  of  current  growth 
limited  its  palatability  to  goats  and  cattle  (Provenza  and  Malechek^). 

Thus,  the  literature  indicates  a  highly  specific  response  of  different 
plant  species  to  grazing,  and  the  possibility  that  controlled  grazing  by  different 
ungulates  can  accomplish  certain  range  management  goals.   We  have  observed  at 
several  locations  in  Utah  that  some  heavily  used  big  game  winter  ranges  supported 
well-developed  stands  of  bitterbrush  or  cliffrose  (Cowania  mexicana  D.  Don).   Other 
apparently  similar  sites  that  received  light  impacts  by  big  game  were  dominated  by 
big  sagebrush  (Artemisia  tridentata  Nutt.).   Such  vegetal  patterns  have  variously 
been  attributed  to  edaphic  differences,  but  we  hypothesized  that  the  driving  force 
in  many  cases  was  long-term  differential  use  of  more  palatable  associated  shrubs 
favoring  big  sagebrush. 

Conversely,  if  selective  grazing  by  livestock  or  big  game  could  be  temporarily 
eliminated,  a  manager  might  develop  a  more  desirable  mix  of  palatable  shrubs  via 
impact  use  on  big  sagebrush.   The  latter  species  appears  to  have  evolved  chemical 
defenses  against  herb  ivory  at  the  expense  of  grazing  tolerance,  in  contrast  to  many 
shrubs  in  the  family  Rosaceae  (bitterbrush  and  cliffrose  included).   This  study, 
consequently,  examined  response  of  bitterbrush  and  big  sagebrush  to  fall  goat  use  at 
extremely  heavy  intensity  to  determine  if  such  impacts  could  overcome  the  usual 
aversion  of  goats  to  big  sagebrush  (Narjisse  1981)  to  reduce  its  vigor  and,  perhaps, 
induce  mortality. 

STUDY  AREA 

In  1979  a  1.5-acre  (0.6-ha)  pasture  was  established  in  a  big  sagebrush-grass 
type  about  4  mi  (7  km)  north  of  Hardware  Ranch,  Cache  County,  Utah.   Vegetation  was 
dominated  by  mountain  big  sagebrush  (Artemisia  tridentata  ssp.  vaseyana  [Rydb.] 
Beetle) ,  which  accounted  for  nearly  half  of  the  total  production  (157  of  328 
lb/acre;  176  of  368  kg  per  ha)  and  80  percent  of  total  shrub  production.   Green 
rabbitbrush  (Chrysothamnus  viscidif lorus  [Hook.]  Nutt.)  was  the  second  most  abundant 
shrub.   While  bitterbrush  was  a  common  community  component,  it  was  not  productive  of 
current-annual-growth  twigs  (about  8  lb  per  acre;  9  kg/ha) .   All  other  shrubs 
combined  yielded  less  than  2  percent  of  total  production;  of  these,  snowberry 
(Symphoricarpos  oreophilus  Gray)  was  most  abundant. 


^Provenza,  F.  D.;  Bowns,  J.  E.  ;  Urness,  P.  J.;  Malechek,  J.  C;  Butcher,  J.  E. 
Biological  manipulation  of  blackbrush  by  goat  browsing;  1983.  In  press. 

^Provenza,  F.  D.;  Malechek,  J.  C.  Diet  selection  by  domestic  goats  in  relation 
to  blackbrush  twig  chemistry;  1983.  In  press. 
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Herbaceous  plants  comprised  about  40  percent  of  fall  forage,  but  that  did  not 
account  for  the  amount  consumed  by  cattle  in  spring  and  early  summer.   Common 
grasses  were  beardless  bluebunch  wheatgrass  (Agropyron  inerme  [Scribn.  &  Smith] 
Rydb.),  bluegrasses  (Poa  spp .  L.),  and  Letterman  needlegrass  (Stipa  lettermanii 
Vasey) .   Common  forbs  were  Louisiana  sage  (Artemisia  ludoviciana  Nutt.),  Pacific 
aster  (Aster  chilensis  Nees) ,  Fremont  geranium  (Geranium  f remontii  Torr.  ex  Gray), 
and  mulesear  wyethia  (Wyethia  amplexicaulis  [Nutt.]  Nutt.).   Forbs  were  generally 
available  as  standing  dead  material  by  late  fall  due  to  heavy  frosts. 

Soils  are  the  Goering  and  Yeats  Hollow  series  of  silt  loams  with  moderate 
stoniness.   Topography  is  moderately  sloping  toward  the  southwest.   Precipitation  at 
Hardware  Ranch  averages  about  16  inches  (400  mm) ;  winters  are  usually  cold  and  dry 
but  snow  depths  at  the  study  pasture  often  preclude  midwinter  use  by  elk  or  deer. 
Summers  are  warm  and  dry.   The  frost-free  period  is  short  (mid-June  to 
mid-September) ,  but  frost  can  occur  in  every  month. 

METHODS 

We  established  a  grid  with  40  equally  spaced  intersects  in  the  square  study 
pasture,  and  a  buffer  zone  was  maintained  around  the  fenced  boundary.   A  stake  was 
driven  at  each  intersect,  and  one  major  outer  branch  on  the  bitterbrush  and  big 
sagebrush  plants  nearest  each  stake  was  permanently  marked  with  a  numbered  metal 
tag.   Lengths  of  all  current  annual  twigs  on  these  branches  were  measured  in  fall 
1979  and  1980  and  residual  lengths  of  those  twigs  were  remeasured  in  spring  1980 
(Smith  and  Urness  1962).   The  same  procedure  was  followed  for  a  control  pasture, 
except  80  plants  of  each  species  were  measured.   Comparison  of  fall  1980  twig 
measurements  on  the  goat-grazed  pasture  vs.  the  control  reflected  relative  yield 
changes,  while  use  was  estimated  by  twig  length  differences  between  fall  1979  and 
spring  1980. 

In  summer  1980  heavy  goat  use  had  apparently  stimulated  numerous  adventitious 
buds  on  older  branches  toward  the  axes  of  bitterbrush  plants.   A  variation  of  the 
point-quadrat  technique  (Warren-Wilson  1960)  was  used  to  detect  this  response.   We 
took  50  point-frame  samples  on  as  many  plants  in  the  goat-grazed  and  the  control 
pastures.   A  frame  consisted  of  a  color-coded  pole  with  a  pin  guide  that  could  be 
adjusted  to  various  heights.   The  pin  was  inclined  at  32.5°  from  horizontal  to 
sample  within  four  vertical  strata  across  a  20-inch  (50-cm)  column.   The  strata  were 
0-6.7,  6.7-20.1,  20.1-33.1,  and  33.1-46.1  inches  (0-17,  17-51,  51-84,  and  84-117  cm) 
above  ground  level.   These  strata  were  used  to  determine  where  on  the  plant  twig 
production  occurred.   All  point  contacts  with  bitterbrush  were  recorded  as  dead 
wood,  old  wood,  bud  clusters,  or  current  growth  twigs.   Each  twig  contacted  by  the 
point  was  measured  for  length  to  provide  a  relative  production  estimate. 

Stimulation  of  adventitious  buds  did  not  occur  on  big  sagebrush.   Therefore, 
twig  length  measurements  on  the  tagged  branches  adequately  estimated  growth  response 
on  that  species. 

On  October  8,  1979,  we  placed  83  Spanish  goats  (16  adult  females,  23  yearlings, 
and  44  kids)  in  the  pasture.   Mean  individual  weights  for  the  three  age  groups  were 
86.6  lb  (39.4  kg),  57.9  lb  (26.3  kg),  and  33.5  lb  (15.2  kg),  respectively,  at 
completion  of  the  trial  on  October  30.   Total  weight  of  the  lot  was  4,183  lb  (1  901 
kg)  and,  based  on  1,000  lb  (454.5  kg)  =  1  animal  unit  (AU) ,  the  intensity  of  use  was 
2.14  AUM/acre  (5.29  AUM/ha).   Goats  were  supplemented  with  0.5  lb  (0.23  kg)  alfalfa 
hay  per  animal  per  day  during  the  last  10  days  of  the  trial  to  assure  good  animal 
condition  for  subsequent  breeding  experiments,  thus  weight  responses  were  confounded 
and  are  not  reported  in  this  paper. 


RESULTS 


Utilization 


Spanish  goats  exhibited  a  clear  aversion  to  big  sagebrush  for  the  first  10 
days,  but  readily  consumed  all  grasses,  forbs,  and  other  shrubs.   By  the  end  of  the 
23-day  trial  little  current-growth  material  remained  on  any  plant  species  except  big 
sagebrush  (fig.  1).   On  the  10th  day  when  most  other  forage  was  consumed,  it 
appeared  that  goats  would  not  eat  any  appreciable  amount  of  sagebrush  (similar 
phenomena  have  been  observed  with  deer  (Carpenter  and  others  1979).   However,  a 
storm  deposited  13  inches  (33  cm)  of  snow  accompanied  by  unseasonally  cold 
temperatures  (min.  averaged  21°  F,  6°  C,  from  October  21  to  30).   After  the  storm, 
goats  readily  browsed  some  big  sagebrush  plants  but  ignored  others,  and  by  the  end 
of  the  trial  use  averaged  44  percent  (Welch  and  others  1981  reported  mule  deer 
responding  in  a  like  manner) .   Use  of  individual  sagebrush  plants  ranged  from  0  to 
100  percent.   About  40  percent  of  the  marked  plants  were  unused,  another  20  percent 
were  browsed  between  1  and  70  percent,  and  40  percent  of  the  plants  were  used  in 
excess  of  70  percent. 


Figure  1. — Nearly  complete  use  of  available  forage,  including  considerable  litter, 
by  goats  in  fall  at  Hardware  Ranch.   Only  big  sagebrush  has  current  growth  unused. 

Bitterbrush  use  averaged  99.7  percent  as  determined  by  before-and-af ter-use 
measurements  of  current-growth  twigs  on  peripheral  branches.   This  was  a 
conservative  estimate,  however,  because  a  large  quantity  of  older  material  was  also 
consumed.   Rarely  have  we  observed  such  heavy  use  by  other  classes  of  ungulates; 
Indeed,  use  was  so  extreme  on  some  plants  that  even  the  bark  was  stripped  from  major 
branches  (fig.  2). 
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Figure  2. — Extreme  use  of  bltterbrush  including  extensive  bark  stripping  on  older 
branches  (arrows)  by  goats  in  fall  at  Hardware  Ranch. 

Subsequent  Growth  Responses 

Big  Sagebrush. — From  1979  to  1980,  twig  growth  of  big  sagebrush  decreased  by  11 
percent  in  the  pasture  grazed  by  goats  and  remained  unchanged  in  the  adjacent 
control  pasture.   Twig  production  on  plants  unused  by  goats  increased  13  percent;  it 
increased  35  percent  on  plants  in  the  1  to  70  percent  use  category.   Twig  growth 
decreased  an  average  of  55  percent  on  plants  used  70  percent  or  more  (table  1). 


Table  1. — Responses  of  big  sagebrush  plants  to  heavy  fall  grazing  by  Spanish  goats 
at  Hardware  Ranch,  Cache  County,  Utah 


Use 
category 

Mean 
utilization 

-  Percent 

0 

1-70 

71-100 

0 

40 
91 

1980  twig 
growth 


Mortality 


Mean 


44 


Percent  of  1979 

113 
135 

45 

89 


Percent 

0 

0 

23 

10 


" 


These  data  indicate  that  utilization  less  than  70  percent  was  actually 
stimulatory  to  big  sagebrush,  but  heavier  use  was  harmful.   Moreover,  lightly  used 
plants  were  more  productive  than  unused  ones.   The  decrease  in  production  of  plants 
used  more  than  70  percent  was  partly  due  to  mortality.   Also,  about  25  percent  of 
these  plants  increased  in  productivity  despite  heavy  use. 

Bitterbrush. — The  two  techniques  used  to  estimate  growth  response  of 
bitterbrush  yielded  substantially  different  results.   Twig  length  measurements  of 
tagged  peripheral  branches  showed  an  overall  decrease  in  production  (table  2).   Buds 
decreased  by  98  percent  when  compared  to  the  controls;  the  number  of  twigs  declined  y 
91  percent  and  total  twig  length  decreased  32  percent.   However,  average  twig  length 
was  far  greater,  indicating  a  strong  first-year,  compensatory  growth  response. 
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Table  2. — Responses  of  bitterbrush  plants  to  heavy  browsing  in  fall  1979  by  Spanish 
goats  at  Hardware  Ranch,  Cache  County,  Utah,  as  determined  by  twig  length 
measurements  on  peripheral  branches  in  1980. 


Measured 
characteristic 


Control 
plants 


B 


Goat-browsed 
plants 


Percent 
B:A 


Percent  Utilization,  1979 
Number  of  buds,  1980 
Number  of  twigs,  1980 
Total  twig  length,  1980 

Average  twig  length,  1980 


0 

5,699 
1,228 

3,558  inches 
(9  087  cm) 
2.91  inches 
(7.4  cm) 


99.7 
111 
111 

2,435  inches 

(6  172  cm) 

21.9  inches 

(55.6  cm) 


2 

9 

68 

751 


Very  heavy  browsing  obviously  reduced  production  of  peripheral  branches,  but 
that  is  an  incomplete  picture.   Another  difference  was  the  absence  of  seed  on  the 
heavily  used  plants.   For  example,  1,228  of  the  5,699  buds  on  the  control  plants 
initiated  twigs  in  1980;  nearly  80  percent  of  all  buds  did  not  and  can  be  assumed  to 
be  flower  buds.   In  contrast,  all  111  buds  of  heavily  browsed  plants  produced  twigs. 

Twig  length  data  did  not  accurately  reflect  bitterbrush  response  as  illustrated 
by  data  from  the  inclined-point  technique.   Most  adventitious  buds  arose  on  older 
branches  near  basal  axes,  not  on  younger  peripheral  branches  (fig.  3).   However,  due 
to  increased  twig  length,  some  twigs  originating  from  adventitious  buds  extended 
well  into  the  peripheral  branches  of  heavily  browsed  plants.   Twig  production  on 
these  plants  as  determined  by  point-contact  sampling  increased  719  percent  relative 
to  control  plants  (table  3).   Moreover,  twig  growth  resulting  from  stimulation  of 
adventitious  buds  was  substantially  greater  in  all  strata  following  heavy  goat  use. 
Thus,  twig  production  was  significantly  increased,  a  result  consistent  with  that 
obtained  by  artificial  pruning  (Ferguson  and  Basile  1966). 


igure  3. — (A)  Heavily  used  bitterbrush  plant  immediately  after  goats  were  removed 
from  the  pasture  at  Hardware  Ranch.   (B)  The  same  plant  two  growing  seasons  after 
goat  use  showing  excellent  rejuvenation  from  basal  adventitious  buds. 
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Table  3. — Responses  of  bitterbrush  to  heavy  fall  (1979)  browsing  by  Spanish  goats  at 
Hardware  Ranch,  Cache  County,  Utah,  as  determined  from 
inclined-point-contact  sampling  in  1980 


Measured 
characteristic 


B 


Control 
plants 


Goat-browsed 
plants 


Percent 
B:A/100 


Old  wood 
Dead  wood 
Bud  clusters 
Number  of  twigs 


Total  point  contacts  per  50  frames 


32 
17 
26 
38 


18 

34 

0 

70 


56 

200 

184 


Inches 
(cm) 


Inches 
(cm) 


Total  lengths  of 
contacted  twigs 
per  stratum 

0-17  cm 

17-51  cm 

51-84  cm 

84-117  cm 

Total 


14 
(36) 
116 
(295) 
37 
(94) 
0 
(0) 

167 
(425) 


53 
(135) 
774 
(1  967) 
334 
(875) 
31 
(79) 

1,202 
(3  056) 


375 
667 
931 

719 


Point-contact  sampling  further  revealed  an  increase  in  dead  wood,  a  decrease  in 
old  wood,  an  absence  of  buds  (except  basal  adventitious  buds),  and  an  overall 
increase  in  twig  numbers  for  browsed  shrubs.   In  our  opinion,  this  comprehensive 
analysis  of  the  entire  plant  is  a  more  valid  characterization  of  effective  responses 
of  bitterbrush  to  goat  browsing. 

Goats  used  all  other  plant  species  heavily,  but  their  responses  were  confounded 
somewhat  with  spring  grazing  by  cattle  in  1979.   Utilization  in  1979  was  estimated 
to  be  73  percent  on  grasses,  45  percent  on  forbs,  and  5  percent  on  shrubs.   Big 
sagebrush  received  no  use  and  bitterbrush  use  averaged  2  percent.   Deer  and  elk  use 
from  late  fall  to  early  spring  was  also  light  because  of  research  activity  during 
fall  and  deep  snow  in  winter.   Cattle  did  not  use  the  area  in  1980.   Therefore,  the 
response  of  shrubs  is  attributed  primarily  to  browsing  pressure  imposed  by  the 
goats. 
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DISCUSSION 

An  overwhelmingly  conservative  attitude  has  existed  among  range  managers 
regarding  allowable  use  levels  on  plants.   Such  concepts  as  "take  half,  leave  half" 
or  "60  percent  use  of  key  species  is  maximal"  are  perpetuated  despite  strong 
evidence  that  such  practices,  rigidly  applied,  are  not  always  best.   In  fact,  such 
concepts  often  allow  selective  grazing  by  herbivores  of  the  more  palatable  species 
to  a  result  opposite  that  of  stated  management  goals;  namely,  an  increase  in  less 
palatable  competitive  species  such  as  big  sagebrush.   In  grazing  intensity-plant 
competition  interactions,  a  number  of  factors  are  operative  that  ultimately  have  a 
strong  bearing  on  the  type  of  plant  community  that  will  develop. 

In  this  study  we  were  interested  in  the  relative  competitive  advantage  big 
sagebrush  (low  palatability)  has  over  bitterbrush  (high  palatability)  in  traditional 
grazing  systems.   More  specifically,  whether  a  dramatic  shift  in  grazing  pattern 
both  in  terms  of  intensity  (very  heavy)  and  timing  (fall,  when  physiological 
activity  of  both  shrubs  is  minimal)  could  alter  this  competitive  interaction  to 
favor  bitterbrush.   Our  data  support  a  contention  that  temporary  heavy  use 
accomplished  this  purpose  despite  the  fact  that  utilization  of  bitterbrush  averaged 
twice  that  of  big  sagebrush.   Further,  earlier  data  indicated  that  bitterbrush  can 
become  more  and  sagebrush  less  prominent  in  the  stand  provided  sufficient  grazing 
pressure  is  imposed  on  other  vegetational  components  in  spring  and  early  summer 
(Jensen  and  others  1972;  Reiner  and  Urness  1982).   Most  likely  a  combination  of 
growing-season  and  fall  use  will  be  necessary  to  significantly  increase  bitterbrush 
and  decrease  sagebrush  dominance. 

The  selective  use  of  big  sagebrush  at  usually  low  overall  grazing  intensities 
presents  still  another  problem.   Since  certain  individual  sagebrush  plants  are  more 
palatable  than  others,  they  consistently  sustain  much  higher  use  levels  than  less 
palatable  ones,  which  likely  leads  to  loss  of  the  better  plants  over  time. 
Certainly,  mortality  of  23  percent  of  the  more  palatable  individuals  in  this  study 
represents  a  potential  trend.   However,  not  all  heavily  used  sagebrush  plants 
decreased  in  production,  indicating  that  some  individuals  possess  greater  resistance 
to  browsing  than  others.   To  avoid  or  reduce  selective  grazing  and  the  competitive 
advantage  such  a  process  conveys  to  less  palatable  plants,  sufficiently  heavy  use 
must  be  imposed,  at  least  periodically,  to  impact  the  entire  population. 

A  short-term,  high-intensity  approach  (Savory  1978*  Heitschmidt  and  others 
1982)  might  possibly  achieve  the  desired  result,  yet  our  study  confined  large 
numbers  of  goats  in  a  small  area  but  failed  to  impose  uniform  use  on  big  sagebrush, 
even  with  supplementation.   It  appears  that  any  similar  effort  would  require  close 
confinement,  supplemental  feeding,  and  a  longer  time  frame  to  be  effective. 
Obviously  the  application  of  such  an  approach  to  a  herd  unit  or  grazing  allotment  is 
very  limited. 

PUBLICATIONS  CITED 

Anderson,  E.  W. ;  Scherzinger,  R.  J.  Improving  quality  of  winter  forage  for  elk  by 

cattle  grazing.  J.  Range  Manage.  28:  120-125;  1975. 
Carpenter,  L.  H. ;  Wallmo,  0.  C. ;  Gill,  R.  B.  Forage  diversity  and  dietary 

selection  by  wintering  mule  deer.   J.  Range  Manage.  32:  226-229;  1979. 
Davis,  G.  G. ;  Bartel,  L.  E. ;  Cook,  C.  W.  Control  of  Gambel  oak  sprouts  by  goats. 

J.  Range  Manage.  28:  216-218;  1975. 
Ferguson,  R.  B.;  Basil,  J.  V.  Topping  stimulates  bitterbrush  twig  growth.  J. 

Wildl.  Manage.  30:  839-841;  1966. 
Green,  L.  R. ;  Hughes,  C.  L.;  Graves,  W.  L.  Goat  control  of  brush  regrowth  on 

southern  California  fuelbreaks.   Rangelands.  1:  117-119;  1979. 


; 


193 


Heit Schmidt ,  R.  K. ;  Price,  D.  L. ;  Gordon,  R.  A.;  Frasure,  J.  R.  Short  duration 

grazing  at  the  Texas  Experimental  Ranch:  effects  on  aboveground  net  primary 

production  and  seasonal  growth  dynamics.  J.  Range  Manage.  35:  367-372;  1982. 
Hubbard,  R.  J.;  Sanderson,  H.  R.  Herbage  production  and  carrying  capacity  of 

bitterbrush.  Res.  Note  PSW-157.  Berkeley,  CA:  U.S.  Department  of  Agriculture, 

Forest  Service,  Pacific  Southwest  Forest  and  Range  Experiment  Station;  1961. 

6  p. 
Huss,  D.  L.  Goat  response  to  use  of  shrubs  as  forage.  In:  McKell,  CM.; 

Blaisdell,  J.  P.;  Goodin,  J.  R. ,  eds.  Wildland  shrubs — their  biology  and 

utilization.  Gen.  Tech.  Rep.  INT-1.  Ogden,  UT:  U.S.  Department  of  Agriculture, 

Forest  Service,  Intermountain  Forest  and  Range  Experiment  Station;  1972: 

331-342. 
Jensen,  C.  H. ;  Smith,  A.  D.;  Scotter,  G.  W.  Guidelines  for  grazing  sheep  on 

rangelands  used  by  big  game  in  winter.  J.  Range  Manage.  25:  346-352;  1972. 
Merrill,  L.  B.;  Taylor,  C.  A.  Take  note  of  the  versatile  goat.  Rangeman's  J.  3: 

74-76;  1976. 
Narjisse,  H.  Acceptibility  of  big  sagebrush  to  sheep  and  goats:  role  of 

monoterpenes .  Logan,  UT:  Utah  State  University;  1981.  124  p.  Dissertation. 
Nastis,  A.  S.;  Malechek,  J.  C.  Digestion  and  utilization  of  nutrients  in  oak 

browse  by  goats.  J.  Anim.  Sci.  53:  283-290;  1981. 
Neal,  D.  L.  Improvement  of  Great  Basin  deer  winter  range  with  livestock  grazing. 

In:  Proceedings  10,  Wildlife-livestock  relationships  symposium;  1981  April 

20-22;  Coeur  d'Alene,  ID.  Moscow,  ID:  University  of  Idaho;  1982:  61-73. 
Reiner,  R.  J.;  Urness,  P.  J.  Effects  of  grazing  horses  managed  as  manipulators  of 

big  game  winter  range.  J.  Range  Manage  35:  567-571;  1982. 
Savory,  A.  A  holistic  approach  to  ranch  management  using  short  duration  grazing. 

In:  Proceedings  of  the  First  International  Rangelands  Congress;  1978  August 

14-18;  Denver,  CO:  Society  for  Range  Management;  1978:  555-557. 
Smith,  A.  D.;  Doell,  D.  D.  Guides  to  allocating  forage  between  cattle  and  big  game 

on  big  game  winter  range.  Publication  68-11.  Salt  Lake  City,  UT:  Utah  State 

Division  of  Fish  and  Game;  1968.  32  p. 
Smith,  A.  D.;  Urness,  P.  J.  Analyses  of  the  twig-length  method  of  determining 

utilization  of  browse.  Publ.  62-9.  Salt  Lake  City,  UT:  Utah  Game  and  Fish 

Department  1962.  34  p. 
Urness,  P.  J.  Livestock  as  tools  for  managing  big  game  winter  range  in  the 

Intermountain  West.  In:  Proceedings,  Wildlife-livestock  relationships  symposium; 

1981  April  20-22;  Couer  d'Alene,  ID.  Moscow,  ID:  University  of  Idaho  Forest, 

Wildlife  and  Range  Experiment  Station;  1982:  20-31. 
Warren-Wilson,  J.  Inclined  point  quadrats.  New  Physiologist.  59:  1-8;  1960. 
Welch,  B.  L. ;  McArthur,  E.  D. ;  Davis,  J.  N.  Differential  preference  of  wintering 

mule  deer  for  accessions  of  big  sagebrush  and  for  black  sagebrush.  J.  Range 

Manage.  34:  409-411;  1981. 


tic 


194 


DYNAMICS  OF  ANTELOPE  BITTERBRUSH  SEED  CACHES^ 

2 
Raymond  A.  Evans,  James  A.  Young,  Greg  J.  Cluff,  and  J.  Kent  McAdoo 

ABSTRACT 

The  natural  regeneration  of  bitterbrush  (Purshla 
trldentata  [Pursh]  DC.)  is  closely  tied  to  the 
collection  and  seed  caching  activities  of  rodents. 
Predation  by  rodents  and  insects  interfere  with 
artificial  vegetation  of  bitterbrush.   Successful 
seeding  of  bitterbrush  is  dependent  on  understanding 
and  adapting  to  the  ecology  of  rodent  populations. 

INTRODUCTION 

The  perfect  yellow  flowers  of  antelope  bitterbrush  (Purshia  tridentata  [Pursh] 
DC.)  are  borne  singly  at  the  end  of  short,  lateral,  leafy  spurs.   The  fruit  is  an 
achene  about  0.13  to  0.5  inches  (6  to  12  mm)  long.   The  achene  consists  of  the  embryo 
comprised  or  radicle,  hypocotyl,  and  cotyledons  and  is  covered  by  the  seedcoat  and 
pericarp.   The  ovary  wall  or  pericarp  is  fused  to  the  actual  seedcoat  to  form  the 
achene.   The  achene  is  dry  and  flinty  when  mature,  and  we  will  refer  to  it  as  seed. 
When  the  seeds  of  antelope  bitterbrush  are  mature,  they  fall  from  the  plant  with  a 
papery  covering  composed  of  remnant  flower  parts  tipped  with  a  remnant  of  the  style. 

The  papery  covering  of  antelope  bitterbrush  seeds  largely  inhibits  germination 
when  the  seeds  are  germinated  in  petri  dishes  (Hormay  1943) .   When  the  seeds  are 
allowed  to  remain  in  the  natural  seedbed,  presumably  strict  dormancy  is  imposed  until 
this  papery  covering  is  rotted  away  (which  probably  occurs  over  winter).   After 
overwintering  the  seeds  can  germinate.   However,  this  is  not  usually  the  case  in 
natural  situations  because  almost  the  entire  crop  of  antelope  bitterbrush  seeds  is 
collected  by  rodents  and  Pogonomyrmex  ants  (Young  and  Evans  1978).   When  rodents 
collect  bitterbrush  seeds,  they  often  remove  the  papery  covering  before  caching 
10  to  100  seeds  in  tight  clusters  buried  about  2  inches  (5  cm)  deep  in  the  soil 
(Hormay  1943).   Apparently  rodents  discriminate  among  types  of  sites  they  use  for 
caching.   Accumulation  of  duff  and  litter  discourages  rodent  caching  activities 
(Sherman  and  Chilcote  1972).   These  caches  remain  in  the  soil  over  winter,  and  the 
seeds  receive  natural  stratification  (see  Young  and  Evans  this  volume  for  details  of 
stratification  requirements).   In  the  early  spring,  cotyledons  of  the  germinating 
seeds  form  tight,  rose-purple  rosettes,  identifying  the  cache  locations.   Rodents 
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return  to  graze  on  the  cotyledons  which  are  rich  in  carotene  which  is  often  vital  in 
the  diet  of  the  rodents  in  early  spring  (for  examples  of  similar  situations,  see 
Beatley  1969  and  La  Tourrette  and  others  1971)  .   If  rodents  failed  to  return  and 
graze  the  seedlings,  the  seedlings  would  often  die  from  intraspecific  competition. 
Sloppy  grazing  by  the  rodents  allows  an  occasional  seedling  to  escape  and  possibly  to 
become  established.   This  highly  complex  regeneration  system  can  be  easily  influenced 
by  human  activities  but  is  hard  to  direct.   Even  if  seedlings  do  escape  rodent 
predation,  other  predators  and  diseases  can  cause  mortality.   Hubbard  (1956)  found 
varigated  cutworm  (Peridroma  saucia  [Hubmer])  damage  on  bitterbrush  seedlings  at  the 
Doyle  Experimental  Area,  Lassen  County,  California.   Ninety  percent  of  seedlings 
emerging  in  the  spring  of  1956  from  seeds  planted  in  the  fall  of  1955  were  destroyed 
by  worms.   Nord  (1965)  described  numerous  insect  species  which  are  known  to  injure 
and  destroy  bitterbrush,  including  cutworms,  tussock  moth  (Orygyia  vestusta 
[Boisduval] ) ,  green  plant  bug  (Chlorochroa  uhleri  [Stal]),  and  the  Great  Basin  tent 
caterpillar  (Malacosoma  californicum  fragiles  [Stretch]).   Also,  several  damping-off 
fungi  (Rhizoctonia  solani  [KuehnJ),  Pythium  ultimum  [Traus])  were  shown  to  be 
pathogenic  on  bitterbrush  seedlings. 

Our  purpose  was  to  investigate  portions  of  the  caching-regeneration  system  for 
antelope  bitterbrush  in  order  to  more  fully  understand  its  functions.   We  believe 
that  rodent  grazing,  insect  feeding,  fungal  disease,  and  soil  nutritional  levels 
interact  to  greatly  reduce  seedling  survival  of  antelope  bitterbrush  and  that 
mortality  caused  by  these  factors  in  a  function  of  density  and  depth  of  seed  caching. 

MATERIALS  AND  METHODS 

Because  of  the  impossibility  of  going  to  a  given  field  location  and 
automatically  reproducing  all  portions  of  the  antelope  bitterbrush  regeneration 
cycle,  (seed  production,  rodent  caching,  and  germination),  experimental  comparisons 
are  more  a  function  of  opportunistic  research.   When  we  noticed  the  opportunity  to 
experiment  with  the  regeneration  cycle  we  took  advantage  of  the  phenomenon.   To  bring 
balance  to  this  necessarily  disjunct  approach  we  artificially  reproduced  portions  of 
the  cycle  to  establish  meaningful  experimental  comparisons.   All  of  these  comparisons 
combine  to  create  a  rather  complex  experimental  approach. 

Studies  of  Natural  Caches 

In  August  1980,  about  16  ha  of  a  mature  stand  of  antelope  bitterbrush  burned  in 
a  wildfire  located  in  Little  Antelope  Valley,  Mono  County,  California.   The  stand 
constituted  an  important  mule  deer  (Odocoileus  hemionus  [Rafinesque] )  winter  range 
and  was  situated  on  an  alluvial  fan  just  below  the  lower  margin  of  the  pinyon  (Pinus 
monophylla  Torr.  and  Frem.) /juniper  (Juniperus  osteosperma   [Torr.]  and  J. 
occidentalis  Hook.  ssp.  australis  Vasek)  woodlands  of  the  eastern  slope  of  the  Sierra 
Nevadas.   The  soils  were  coarse- textured  and  derived  from  decomposing  granite  parent 
material.   The  wildfire  was  fast-moving  and  apparently  very  hot  because  stems  of 
mountain  big  sagebrush  (Artemisia  tridentata  Nutt.  ssp.  vaseyana  [Rydberg]  Beetle) 
burned  to  the  soil  level. 

In  the  spring  of  1981  many  rodent  caches  of  antelope  bitterbrush  seedlings  were 

visible  in  the  burned  area.   During  early  March  we  selected  100  seed  caches  in  the 

burn  and  20  in  an  adjacent  unburned  stand.   The  caches  were  randomly  divided  into 

groups  of  20  and  given  the  following  treatments:   (1)  control  caches  in  the  burned 

area,  (2)  caches  covered  with  rodent-proof  caps  made  of  1  cm  opening  hardware  cloth, 

(3)  caches  treated  with  0.17  ounces  (5  ml)  of  0.03  percent  solution  of  the 

insecticide  diazinon,  (4)  caches  treated  with  0.17  ounces  (5  ml)  of  0.005  percent 

suspension  of  the  fungicide  benomyl,  (5)  caches  treated  with  0.17  ounces  (5  ml)  of 
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Studies  of  Artificial  Caches 

Field  trials  with  artificial  caches  of  antelope  bitterbrush  with  variable 
numbers  and  depths  of  seeds  were  initiated  in  March  1982.   Experiments  were  conducted 
at  Doyle,  Lassen  County,  California  and  Granite  Peak,  Washoe  County,  Nevada.   Both 
sites  are  representative  of  the  same  type  of  plant  community  and  soils  found  at 
Little  Antelope  Valley.   Four  replications  in  a  randomized  block  design  were  used  in 
all  experiments.   Seed  caches  were  prepared  in  plastic  boxes  4x4x3  inches  (10  x 
10  X  8  cm)  with  drainage  holes.   The  boxes  were  filled  with  soil  from  the  sites  and 
compacted  to  comparable  bulk  densities.   The  seeds  were  placed  on  a  fiberglass  screen 
to  facilitate  recovery.   Unless  otherwise  specified,  antelope  bitterbrush  seeds 
collected  at  Lakeview,  Oregon  in  1981  were  used.   Depth  treatments  consisted  of  100 
seeds  each  planted:   (1)  on  the  surface,  (2)  at  0.4  inches  (1  cm),  (3)  at  0.8  inches 
(2  cm),  and  (4)  at  1.6  inches  (4  cm)  below  the  surface.   Using  deeper  boxes  in  one 
trial  at  Doyle,  the  seeds  were  planted  10  cm  deep. 

In  number  of  seeds-per-cache  trials,  seeds  were  planted  at  0.4  inches  (1  cm) 
depth  with  the  number  of  seeds  consisting  of  1,  2,  5,  7,  10,  45,  and  100  per  box. 

The  boxes  were  carefully  buried  in  the  field  according  to  the  experimental 
design.   Then  the  burial  sites  and  surrounding  area  were  raked  and  swept  to  blend  in 
with  the  site.   The  boxes  were  recovered  from  the  field  after  1  week  and  the  seeds 
were  recovered  by  washing  and  screening  the  contents  of  the  boxes. 

Treatments  testing  olfactory  sensitivity  of  rodents  included  caching  at  1  cm  in 
the  soil  100  seeds  of  antelope  bitterbrush  with  the  papery  flower  parts  attached.   A 
second  treatment  consisted  of  caching  at  0.4  inches  (1  cm)  100  seeds  that  had  been 
coated  with  two  coats  of  plastic  resin  and  baked  dry.   A  third  treatment  consisted  of 
finely  grinding  100  antelope  bitterbrush  seeds  and  mixing  the  ground  material  with 
100  seeds  of  crested  wheatgrass  (Agropyron  desertorum,  [Fisch.]  Shult.  cultivar 
'Nordan').   This  mixture  and  a  treatment  with  100  crested  wheatgrass  seeds,  alone, 
were  cached  1  cm  deep. 

To  compare  rodent  preference  for  different  sources  of  antelope  bitterbrush  we 
cached  100  seeds,  0.4  inches  (1  cm)  deep,  from  each  of  the  sources  collected  in  1981: 
(1)  Lakeview,  Oregon,  (2)  Mono  Lake,  California  (desert  bitterbrush  [Purshia 
glandulosa  Curran]),  (3)  Chelan,  Washington,  (4)  Tollgate,  Idaho,  and  (5)  Hotsprings, 
Montana.   This  experiment  was  repeated  twice  at  Doyle;  once  in  a  randomized  block 
with  the  boxes  touching  each  other  and  once  with  the  boxes  randomly  distributed  in  a 
2.5  acre  (1  ha)  area. 

Sherman  live  traps  (baited  with  rolled  oats)  and  rat-size  snap  traps  (baited 
with  rolled  oats  and  peanut  butter)  were  used  on  the  study  areas  to  determine  rodent 
species  present.   Traps  were  set  in  lines  of  10  stations,  spaced  33  ft  (10  m) 
apart,  with  one  trap  per  station.   Total  trapping  effort  was  310  trap  nights. 

RESULTS 


Natural  Caching  Studies 

CHARACTERISTICS  OF  CACHES 

In  the  area  burned  by  wildfire  in  Little  Antelope  Valley,  we  found  3,600  rodent 
caches  per  acre  (0.88  per  m  )  of  antelope  bitterbrush  seedlings  in  the  spring  of 
1981.   In  the  unburned  area  only  650  caches  per  acre  (0.16  per  m  )  were  found.   We 
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attributed  the  lower  number  of  caches  in  the  unburned  area  to  rodent  predation  during 
the  winter.   There  were  numerous  small  rodent  excavations  indicating  where  caches  had 
been  raided.   In  the  burned  area,  probably  because  of  lack  of  cover,  these 
excavations  were  not  found. 

In  the  burned  area,  the  average  number  of  antelope  bitterbrush  seedlings  per 
cache  was  12.5  with  a  range  of  7  to  31.   At  the  cotyledon  stage  of  emergence,  30 
percent  of  the  antelope  bitterbrush  seedlings  that  we  recovered  from  caches  had 
evidence  of  damage  apparently  caused  by  insects.   The  underside  of  the  cotyledons  had 
been  eaten  leaving  only  the  cuticle  of  the  upperside  of  the  seed  leaves. 

In  the  soil  on  the  burned  area  from  which  caches  were  excavated  for  counting,  we 
found  an  average  of  8  ungerminated  antelope  bitterbrush  seeds  per  cache.   Careful 
examination  of  the  seeds  revealed  an  average  of  only  1  seed  per  cache  that  was  not 
obviously  broken  or  empty.   Incubation  of  the  entire  seeds  at  59°F  (15°C)  failed  to 
produce  any  germination. 

CACHES  AND  TREATMENTS 

When  we  monitored  through  spring  and  summer  the  undisturbed  seedlings  of 
antelope  bitterbrush  growing  from  rodent  caches  at  Little  Antelope  Valley,  we  found 
that  all  the  seedlings  in  the  burned  control  had  died  by  June  19  (table  1).   In  the 
unburned  control  the  seedlings  started  growing  2  weeks  later,  apparently  because  of 
shading  caused  by  large  shrubs,  but  they  were  all  dead  by  June  12. 

There  were  several  apparent  reasons  for  seedling  mortality  in  the  populations  in 
relation  to  treatment  and  time.   The  first  week  after  emergence  the  caches  lost  an 
average  of  38  percent  of  their  seedlings  regardless  of  treatment.   This  we  attribute 
to  the  lack  of  frost  hardiness  of  antelope  bitterbrush  seedlings  (unpublished  data, 
R.  L.  Everett,  Intermountain  Forest  and  Range  Experiment  Station,  U.S.  Forest 
Service,  Reno,  Nevada).   Antelope  bitterbrush  seedlings  in  the  unburned  control 
suffered  a  similar  level  of  mortality  in  the  first  week  even  though  they  emerged  2 
weeks  later. 

Rodent  damage  to  seedling  was  never  a  factor  in  the  burned  area;  therefore,  the 
cage  treatment  was  ineffective  (table  1).   In  the  unburned  control,  rodent  damage  was 
severe.   Also,  in  the  unburned  control,  late  spring  growth  of  cheatgrass  (Bromus 
tectorum)  formed  a  dense  stand  and  offered  severe  competition  for  available  moisture 
(Evans  and  others  1970).   The  burned  area  was  virtually  free  of  cheatgrass. 

The  addition  of  a  complete  nutrient  solution  to  the  caches  hastened  death  of 
seedlings  with  all  being  dead  by  May  7  (table  1).   Added  nutrients  may  have  increased 
moisture  stress  before  the  seedlings  were  deeply  enough  rooted  to  extract  from  the 
receding  level  of  available  water  in  the  soil.   The  fungicide  treatment  did  not 
markedly  change  the  rate  or  date  of  total  seedling  death. 

From  March  17  to  April  16,  seedlings  in  the  insecticide  treatment  had  a 
mortality  pattern  similar  to  that  observed  in  the  burned  control  (table  1).   After 
April  16,  the  rate  of  mortality  in  the  insecticide-treated  caches  slowed  and  leveled 
off  with  46  percent  of  the  original  seedling  density  surviving  the  summer.   These 
seedlings  reached  the  third  true  leaf  stage  by  the  end  of  the  summer.   By  the  spirng 
of  1982  some  antelope  bitterbrush  plants  had  become  established  in  all  of  the 
insecticide-treated  caches.   We  made  an  extensive  collection  of  insects  at  the  site, 
but  entomologists  did  not  consider  any  of  the  insects  we  collected  as  responsible  for 
the  type  of  seedling  damage  observed.   In  earlier  studies,  Hubbard  (1956)  found  that 
wireworms  destroyed  bitterbrush  seedlings. 
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Table  1. — Percent  survival  of  antelope  bitterbrush  seedlings  in  rodent  caches  as 
related  to  date  (March  through  July)  and  various  treatments. 
Experiment  conducted  in  Little  Antelope  Valley,  Mono  County,  California 


Percent  survival 

Unburned 

area 

Burned 

area 

Insecticide 

Fungicide 

Nutrient 

Date 

Control 

Control 

(diazmon) 

(benomyl) 

Cages 

d 
solutions 

March 

17 

__ 

100 

100 

100 

100 

100 

24 

— 

60 

69 

68 

59 

56 

31 

100 

40 

56 

60 

27 

43 

April 

14 

70 

38 

51 

59 

12 

12 

16 

50 

34 

50 

27 

7 

6 

21 

37 

14 

44 

17 

5 

1 

May 

7 

21 

13 

46 

12 

4 

0 

21 

10 

9 

46 

9 

2 

0 

June 

3 

2 

7 

46 

4 

1 

0 

12 

0 

2 

46 

0 

0 

0 

19 

0 

0 

46 

0 

0 

0 

July 

6 

0 

0 

46 

0 

0 

0 

^Not  all  treatments  were  started  on  the  same  date.  The  unburned  control  was  delayed  2 
weeks  because  the  seeds  germinated  slower  and  seedlings  emerged  later  in  the  heavy 
shade  of  the  large  shrubs. 

°0.03  percent  solution  of  diazinon. 


*7  0.005  percent  solution  of  benomyl. 


0.03  percent  solution  of  12-6-8  nutrient  solution. 


Artificial  Caching  Studies 

A  hard  freeze  in  June  1981  destroyed  much  of  the  antelope  bitterbrush  seed  crop 
on  the  eastern  slope  of  the  Sierra  Nevadas,  making  it  impossible  to  get  a  second  year 
of  data  concerning  natural  caching.   Using  a  different  tact  on  the  same  general 
problem  we  artificially  distributed  caches  of  antelope  bitterbrush  seeds  during  the 
time  when  rodents  were  voraciously  destroying  the  few  natural  caches  that  were 
germinating. 

NUMBER  OF  SEEDS  PER  CACHE 

When  only  one  antelope  bitterbrush  seed  was  cached  0.4  inches  (1  cm)  deep,  the 
rodents  never  bothered  to  dig  it  up  at  either  location,  even  though  the  box  containing 
the  single  seed  was  buried  in  an  experimental  design  with  other  boxes  that  contained 
as  many  as  100  seeds  (table  2).   If  two  seeds  were  cached,  rodents  removed  75  percent 
of  the  seeds  at  both  locations.   At  Doyle,  if  caches  were  composed  of  10,  45,  or  100 
seeds,  the  rodents  removed  at  least  98  percent  of  the  seeds.   Reichman  and  Oberstein 
(1977)  showed  that  size  (and  depth)  of  seed  caches  affected  their  detection  by 
rodents.   Predation  was  not  as  high  at  Granite  Peak,  possibly  because  it  is  a  higher 
and  colder  location  than  Doyle  with  less  rodent  activity  at  the  same  date. 
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Table  2. — Rodent  predation  of  antelope  bltterbrush  seeds  placed  in  artificial  caches 
with  different  numbers  of  seeds  per  cache.   Experiment  conducted  at  Doyle, 
California  and  Granite  Peak,  Nevada.   Seeds  cached  0.4  inches  (  1  cm  deep). 


Number  of  seeds  per  cache 


Doyle 


Percent  predation  by  rodents 

Granite  Peak 


1 
2 
5 

7 

10 

45 

100 


0 
75 
90 
93 
99 
98 
98 


0 
75 
84 
82 
80 
54 
66 


DEPTH  OF  BURIAL 

At  Doyle,  rodents  removed  all  of  the  antelope  bitterbrush  seeds  cached  on  the 
soil  surface  (table  3).   Only  8  percent  of  the  seeds  were  recovered  from  burial  at 
1.6  inches  (4  cm)  after  being  exposed  to  rodent  predation.   At  Granite  Peak, 
predation  was  severe  on  the  surface  and  at  0.4  inches  (1  cm),  but  dropped  to  50  and 
47  percent  at  0.8  and  1.6  inches  (2  and  4  cm)  burial,  respectively.   At  Doyle,  we 
also  buried  antelope  bitterbrush  seed  4  inches  (10  cm)  deep  in  special  boxes.   The 
rodents  did  not  disturb  these  seeds.   Because  seeds  are  discovered  by  rodents 
primarily  via  olfactory  cues  (Howard  and  Cole  1967;  Johnson  and  Jorgensen  1981),  the 
low  discovery  rate  of  deeper  caches  is  not  surprising.   Differences  in  rates  of 
discovery  between  the  two  sites  may  be  caused  by  a  variety  of  factors  including 
rodent  species  involved,  soil  moisture,  etc.  (Johnson  and  Jorgensen  1981). 

Table  3. — Rodent  predation  in  relation  to  depth  of  burial  of  antelope  bitterbrush 
seeds.   100  seeds  placed  in  all  caches.   Experiment  conducted  at 
Doyle,  California  and  Granite  Peak,  Nevada 


Percent  predation  by  rodents 


Depth  of  burial 

Surface 
0.4  inches  (1  cm) 
0.8  inches  (2  cm) 
1.6  inches  (4  cm) 


Doyle 

Granite  Peak 

100 

91 

98 

95 

99 

50 

92 

47 

OTHER  TREATMENTS 

Leaving  the  papery  bracts  on  the  antelope  bitterbrush  seeds  had  no  influence  on 
subsequent  predation  of  cached  seeds.   Likewise,  coating  the  seeds  with  a  plastic 
residue  before  caching  them  0.4  inches  (1  cm)  deep  did  not  markedly  limit  predation. 

Rodents  did  not  disturb  caches  of  100  seeds  of  crested  wheatgrass.   However, 
when  the  crested  wheatgrass  seeds  were  mixed  with  100  finely  ground  antelope 
bitterbrush  seeds  before  caching,  the  rodents  completely  excavated  the  boxes  and 
chewed  into  small  pieces  the  fiberglass  screens  that  were  placed  below  the  seeds  to 
aid  in  recovery. 
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SOURCES  OF  SEED 

The  five  sources  of  bitterbrush  seed  that  we  tested,  including  one  source  of 
desert  bitterbrush,  appeared  to  be  equally  susceptible  to  predation  by  rodents  (table 
A).   Where  all  the  boxes  of  seeds  were  put  together  in  an  experimental  design,  this 
might  be  construed  as  baiting  the  rodents.   Predation,  however,  appeared  to  be  just 
as  severe  whether  seeds  were  cached  at  random  locations  or  in  an  area  where  the  boxes 
were  located  adjacent  to  each  other. 

Table  4. — Rodent  predation  in  relation  to  seed  sources  of  antelope  and  desert 

bitterbrush.   100  seeds  cached  0.4  inches  (1  cm)  deep.   Seeds  of  different 
sources  were  placed  in  boxes  that  were  both  close  together  and  widely  spaced. 
Experiment  was  conducted  at  Doyle,  California. 

Percent  predation  by  rodents 


Seed  source  Adjacent  Remote 

Lakeview,  Oregon  95  100 

Mono  Lake,  California^  100  99 

Chelau,  Washington  100  100 

Tollgate,  Idaho  100  100 

Hotsprings,  Montana  99  97 

Desert  bitterbrush 

Rodent  Predators 

The  species  of  rodents  we  captured  in  these  communities  were:   deer  mice 
(Peromyscus  maniculatus) ,  Great  Basin  pocket  mice  (Perognathus  parvus) ,  least 
chipmunks  (Eutamias  minimus) ,  and  Panamint  kangaroo  rats  (Dipodomys  panamintinus) . 
Gustafson  (1974)  trapped  intensively  (approximately  7200  trap-nights)  in  a  plant 
community  similar  to  those  we  trapped  and  located  very  near  our  Granite  Peak  site. 
He  recorded  the  presence  of  other  seed-eating  rodents,  including  Ord's  kangaroo  rat 
(^.  ordii)  ,  Great  Basin  kangaroo  rats  (D^.  microps)  ,  and  dark  kangaroo  mice 
(Microdipodops  megacephalus) .   According  to  Everett  and  others  (1978),  bitterbrush 
seeds  are  a  highly  preferred  food  source  of  deer  mice,  a  rodent  species  credited  with 
being  the  major  consumer  of  artificially  planted  seed  (Nelson  and  others  1970). 

DISCUSSION 

I 

The  collecting,  caching,  germination,  and  subsequent  grazing  of  antelope 
bitterbrush  seeds  and  seedlings  form  a  very  complex  regeneration  process.   A  similar 
process  has  been  described  for  other  plant  species  (Reynolds  1950;  La  Tourrette  and 
others  1971;  McAdoo  and  others  1983).   This  study  points  out  the  varied  types  of 
perturbations  that  are  involved  in  the  seedling  establishment  process.   In  designing 
a  management  program  to  enhance  regeneration  of  antelope  bitterbrush,  managers  and 
researchers  must  be  cognizant  of  interacting  effects  of  rodent  activities  and  plant 
competition.   In  any  plan  they  design  for  seeding  antelope  bitterbrush  seeds  in  an 
artificial  regeneration  scheme,  they  must  also  recognize  the  great  potential  for  seed 
predation  by  rodents.   The  depths  at  which  seeds  are  typically  planted  in  reseeding 
attempts  0.2  to  0.5  inches  (0.5  to  1.3  cm)  are  ideal  for  discovery  of  seeds  by 
rodents  (Johnson  and  Jorgensen  1981).   Also,  the  possible  role  of  insect  predation  on 
antelope  bitterbrush  seedlings  certainly  deserves  additional  research. 
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SUMMER  USE  OF  BITTERBRUSH  RANGELANDS  BY  MULE  DEER 

D.  D.  Austin  and  P.  J.  Urness^ 


ABSTRACT 

Tractable  mule  deer  were  used  to  determine  diet 
composition  on  summer  rangeland  characterized  by 
bitterbrush,  big  sagebrush,  and  Utah  juniper. 
Diets,  composed  mostly  of  forbs  in  spring, 
steadily  shifted  to  bitterbrush  dominance, 
reaching  91  percent  in  September.   Based  on 
available  forage  and  percent  dietary  crude 
protein,  the  plant  community  was  determined 
adequate  for  supporting  mule  deer.   Management 
recommendations  are  discussed. 


INTRODUCTION 

The  forage  value  of  antelope  bitterbrush  (Purshia  tridentata  [Pursh]  DC.)^  to 
Rocky  Mountain  mule  deer  (Odocoileus  hemionus  Refinesque)  has  been  well  documented 
(Kufeld  and  others  1973).   While  most  research  dealt  with  use  on  winter  ranges,  the 
summer  use  of  antelope  bitterbrush  appears  to  be  important  on  ranges  where  high  quality 
forages  are  limited. 

In  1976  the  Utah  Division  of  Wildlife  Resources  identified  29  of  74  deer  management 
units  in  which  summer  ranges  were  considered  equal  or  more  limiting  in  forage  resources 
than  the  associated  winter  ranges  (Hancock  and  others  1976).   These  units  cover  the 
western  third  and  southeastern  quarter  of  Utah,  with  similar  ranges  extending  into 
portions  of  Nevada,  Idaho,  Colorado,  and  Arizona.   Because  they  have  lower 
precipitation  and  warmer  temperatures  than  typical  high  elevation  summer  ranges,  these 
units  contain  vegetal  communities  that  are  usually  considered  spring-fall  or  winter 
range  types.   They  are  characterized  by  plant  communities  containing  curlleaf  mahogany 
(Cercocarpus  ledifolius  Nutt.),  Gambel  oak  (Quercus  gambelii  Nutt.),  big  sagebrush 
(Artemisia  tridentata  Nutt.),  low  sagebrush  (Artemisia  tridentata  arbuscula  [Nutt.] 
H.&C),  Utah  serviceberry  (Amelanchier  utahensis  Nutt.),  and  mountain  snowberry 
(Symphoricarpos  oreophilus  Gray).   Only  limited  acreages  of  high  quality  summer  range, 
such  as  communities  containing  quaking  aspen  (Populus  tremuloides  Michx.),  conifer, 
riparian,  or  upland  meadows,  are  available,  and  consequently  deer  are  forced  to  select 
less  than  optimal  vegetal  types.   Nonetheless,  these  units  have  contributed  a 
significant  proportion  (21  percent  in  1981)  to  the  total  Utah  deer  harvest. 


^Paper  presented  at  Bitterbrush  and  Cllffrose  Symposium,  Salt  Lake  City,  Utah, 
April  13-15,  1982. 

^Utah  State  Division  of  Wildlife  Resources,  Federal  Aid  Project  W-105-R.  The 
authors  are  Wildlife  Biologist-Collaborator  and  Associate  Professor,  Department  of 
Range  Science,  Utah  State  University,  Logan,  Utah,  84322. 

^Scientific  names  are  from  Harrington,  H.  D.  Manual  of  the  plants  of  Colorado, 
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Areas  containing  antelope  bitterbrush  are  usually  not  considered  summer  range, 
especially  where  associated  with  pinyon-juniper  (Olson  and  Logan  1973) ,  yet  many  deer 
occupy  these  ranges  throughout  the  summer.   Consequently,  the  intent  of  this  research 
was  to  investigate  the  adequacy  of  such  ranges  to  support  summering  mule  deer. 


AREA  AND  METHODS 

The  study  area  was  located  in  west-central  Utah  on  the  north  slope  of  Sabie 
Mountain,  which  is  part  of  the  West  Tintic  Range.   The  elevation  is  6,460  ft  (1  970  m) 
and  yearly  precipitation  averages  about  9  inches  (24  cm) ,  received  primarily  during 
winter.   Antelope  bitterbrush  occurs  at  varying  densities  within  a  singleleaf  pine 
(Pinus  monophylla  Torr.  &  Frem.)-Utah  juniper  (Juniperus  osteosperma  Torr.)  stand  that 
dominates  a  zone  extending  from  about  5,900  to  6,900  ft  (1  800  to  2  100  m) .   Above  and 
below  the  pinyon-juniper  zone  are  treeless  ranges  dominated  by  big  sagebrush.   Althougl 
usually  grazed  in  summer  by  cattle,  no  use  occurred  during  the  sampling  period. 

Mule  deer  diets  were  determined  monthly  from  May  through  September  1981  using 
three  tame,  adult,  female  deer.   Each  sampling  period  consisted  of  observing  a  minimum 
of  1,000  bites  per  deer  during  a  minimum  of  2  feeding  hours.   Diets  were  determined  as 
percent  dry  weight  consumption  by  species  using  hand-plucked,  simulated  bites  also 
collected  monthly  (Deschamp  and  others  1979).   Deer  grazed  while  roaming  freely  over  a 
740-acre  (3-km^)  area  during  diet  sampling  and  were  kept  within  a  1.0-acre  (0.4-ha) 
on-site  enclosure  between  trials  to  assure  their  being  accustomed  to  the  vegetation. 
Within  the  enclosure,  they  were  fed  alfalfa  hay  ad  libitum  to  supplement  natural 
forages.   Although  some  dietary  variations  occurred  between  individual  deer,  generally 
the  same  forages  were  selected,  and  consequently  diets  were  pooled.  i 

Vegetal  production  was  determined  monthly  from  five  permanent  macroplots 
immediately  following  diet  determinations.   The  macroplot  locations  were  selected  to 
accurately  represent  the  range  conditions  within  the  diet  sampling  area.   Each 
macroplot  was  33  x  66  ft  (10  x  20  m)  and  permanently  marked  with  steel  posts  and  wood 
stakes.   Forage  production  was  determined  by  encompassing  each  plot  with  a  string  and 
obtaining  weight  estimates  for  individual  species.   Weight  estimates  were  obtained  by 
one  of  the  following  three  procedures:  (1)  Weight  of  species  having  uneven 
distributions,  such  as  perennial  forbs  in  which  individual  plants  could  be  readily 
counted,  was  estimated  by  multiplying  the  number  of  plants  counted  by  the  mean  weight 
of  3  to  10  clipped  plants.   (2)  Weight  of  species  having  relatively  uniform 
distributions,  such  as  grasses  and  some  annual  forbs,  was  estimated  by  obtaining 
clipped  weights  on  a  unit  area  basis  (often  10  ft*^  or  1  m^)  and  multiplying  by  the 
number  of  units  within  the  macroplot.   (3)  Weight  of  individual  shrubs  was  estimated 
using  a  reference  branch,  counting  the  number  of  equivalent  branches  on  the  shrubs, 
clipping  the  reference  branch,  and  multiplying  the  clipped  weight  of  the  reference 
branch  by  the  number  of  counted  equivalent  branches.   These  procedures  were  faster  th^J^ 
conventional  double  sampling  techniques  and  were  adopted  because  of  time  constraints. 
However,  to  compare  accuracy,  a  double  sampling  procedure  using  the  macroplot-microplc 
approach  was  also  completed  during  August  (Poulton  and  Tisdale  1961;  Deschamp  and 
others  1979).   Simply,  within  each  macroplot,  weight  estimates  were  made  on  40  random! 
located  microplots  with  every  10th  plot  clipped  for  regression  calculation.   Ground 
cover  and  plant  canopy  cover  (table  3)  were  also  estimated.   Plant  samples  were 
collected  monthly  for  converting  to  dry  weight  production,  and  those  species  comprisii 
1  percent  or  more  of  the  diet  during  any  month  were  analyzed  for  crude  protein. 
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RESULTS 

The  diets  of  mule  deer  changed  considerably  throughout  the  summer  (table  1). 
Consumption  of  antelope  bitterbrush  increased  steadily  reaching  almost  92  percent  by 
September.   Consumption  of  three  additional  browse  species  declined  in  the  late  summe 

204 


isi 


111 

Ji 


diet  because  of  low  abundance  and  prior  use  by  both  wild  and  tame  deer.   In  contrast, 
forbs  comprised  most  of  the  diet  in  May,  but  declined  rapidly  throughout  the  summer. 
In  May  and  June  nine  and  seven  forb  species,  respectively,  comprised  1  percent  or  more 
of  the  diet,  but  by  July  only  two  remained  important.   Abundant  grasses,  big  sagebrush, 
Utah  juniper,  and  rabbitb rushes  (Chrysothamnus  spp.  Nutt.)  never  exceeded  1  percent  of 
the  diet. 


Table  1. — Mule  deer  diets  (percent  by  weight)  through  the  summer 


Species 


May 


June 


Month 


July 


Aug, 


Sept 


Mean 


BROWSE 


Purshia  tridentata 

8.2 

23.1 

59.9 

79.8 

91.7 

52.5 

Symphoricarpos  oreophilus 

2.9 

5.8 

6.5 

4.9 

1.2 

4.3 

Amelanchier  alnltolia 

4.4 

6.5 

2.5 

1.8 

.7 

3.2 

Eriogonum  microthecum 

T* 

T 

2.6 

.7 

.0 

.7 

4  others 

.1 

.1 

1.0 

.2 

.8 

.4 

Total  browse 

15.6 

35.5 

72.5 

87.4 

94.4 

61.1 

FORBS 


Command ra  umbellata 
Vicia  americana 
Crepis  accuminata 
Lithospermum  ruderale 
Astragalus  spp. 
Agoseris  glauca 
Descuriana  spp. 
Collinsia  parvif lora 
Delphinium  nelsonii 
Allium  accuminatum 
26  others 
Total  forbs 


3.2 

10.7 

15.9 

5.8 

1.1 

7.3 

24.4 

10.9 

.0 

.0 

.0 

7.1 

10.3 

19.1 

.9 

.6 

.1 

6.2 

7.7 

5.5 

9.1 

4.7 

3.7 

6.1 

22.2 

4.2 

.0 

.0 

.0 

5.3 

4.4 

.7 

.0 

.0 

.0 

1.0 

1.8 

3.0 

.0 

.3 

.0 

1.0 

3.9 

.0 

.0 

.1 

.0 

.8 

3.4 

.0 

.0 

.0 

.0 

.7 

T 

3.0 

.0 

T 

.0 

.6 

2.9 

7.3 

1.5 

1.1 

.7 

2.7 

84.2 

64.4 

27.4 

12.6 

5.6 

38.8 

JRASSES 

Total  grass 


.2 


.0 


.1 


.1 


*T  =  <  0.1  percent. 

T    Available  forage,  expressed  as  a  percent  of  total  production,  showed  generally 
I -ess  change  over  the  summer  (table  2).   Available  forage  on  antelope  bitterbrush 
.ncreased  from  May  through  July,  but  loss  of  leaves  and  flowers  in  August  and  September 
ind  continued  use  by  deer  resulted  in  a  sharp  decline.   Browse  species  comprised  the 
'ulk  of  the  production,  and  two  most  abundant  species,  big  sagebrush  and  Utah 
uniper,  showed  little  change  in  production.   Forbs  comprised  only  a  small  proportion 
rf  the  forage  production  and  declined  sharply  from  the  early  summer  months, 
'urthermore,  many  of  the  forbs  were  unpalatable  to  deer.   Palatable  forbs,  such  as 
merican  vetch  (Vicia  americana  Muhl.),  grew  rapidly  in  early  spring,  but  cured 
V  apidly,  decomposed,  and  were  largely  unavailable  by  July.   A  few  species  such  as 
ijnayside  gromwell  (Lithospermum  ruderale  Dougl.  ex  Lehm.)  had  sufficiently  coarse  forage 
0  remain  intact  through  the  summer.   No  important  forb  species  grew  in  midsummer. 
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Table  2. 

— Available  dry  weight  production  percent  by  species 

through  the  summer 

Month 

Mear 

Species 

May      June      July 

Aug.       Sept. 

BROWSE 

Purshia  tridentata 


FORBS 


Commandra  umbellata 
Vicia  americana 
C rep is  accuminata 
Lithospermum  ruderale 
Astragalus  spp. 
Agoseris  glauca 
Descuriana  spp. 
Collinsia  parvif lora 
Delphinium  nelsonii 
Allium  accuminatum 
Opuntia  spp. 
30  others 
Total  forbs 


6.0 


18.2 


26.9 


14.7 


12.3 


15. ( 


Symphoricarpos 

oreophilus 

1.0 

1.1 

.3 

.2 

.1 

•  , 

Amelanchier  ainlfolia 

T* 

T 

T 

T 

T 

T 

Eriogonum  microthecum 

T 

T 

T 

T 

T 

T 

Juniperus  osteosperma 

34.6 

26.7 

27.2 

33.2 

31.0 

30. 

Artemisia  tridentata 

29.6 

34.7 

29.8 

30.3 

36.9 

32. 

Chrysothamus 

viscidif lorus 

.3 

1.5 

2.6 

1.6 

1.8 

1. 

3  others 

T 

.4 

.7 

1.9 

2.2 

1. 

Total  browse 

71.5 

82.6 

87.5 

81.9 

84.3 

81. 

.1 

T 

.1 

T 

T 

.6 

.1 

T 

T 

T 

.2 

.2 

.2 

.2 

T 

.1 

.1 

.1 

.1 

.1 

.6 

.2 

.0 

.0 

.0 

.4 

T 

.0 

.0 

.0 

.1 

T 

.0 

.0 

.0 

1.5 

.0 

.0 

.0 

.0 

T 

.0 

.0 

.0 

.0 

T 

T 

T 

.0 

.0 

1.0 

.1 

.2 

1.8 

1.8 

1 

4.8 

4.9 

1.6 

1.0 

.9 

2 

9.4 

5.8 

2.2 

3.1 

2.8 

4 

GRASS 


Total  grass 


19.0 


11.7 


10.3 


14.7 


12.9 


13 


*T  =  <  0.1  percent, 


Most  species  consumed  by  deer  were  highly  preferred.  The  preference  ration  j 
(percent  dietary  composition  t  percent  available  production,  Neff  1974)  showed  that  e 
species  comprising  1  percent  or  more  of  the  monthly  diets  were  preferred.  Indeed,  mc 
had  ratios  greater  than  4.0,  suggesting  they  were  highly  preferred  in  relation  to  th« 
total  plant  community  (Austin  and  Urness   1982). 

The  relationship  (r^=0.96)  between  the  macroplot  procedures  for  estimating 
production  and  the  double  sampling  technique  using  microplots  showed  good  agreement 
(table  3).   Ground  and  plant  canopy  cover  were  about  average  for  this  vegetal  type 
(Olson  and  Logan  1973). 
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Table  3. — Vegetative  production  In  lbs/acre  as  determined  by  macroplot 

estimation  and  mlcroplot  double  sampling,  ground  cover  (percent), 
and  plant  cover  (percent)  during  August  1981 


Species 


BROWSE 


Technique 


Mlcroplot 


Macroplot 


Purshla  trldentata 
Symphorlcarpos  oreophilus 
Amelanchler  alnlf olia 
Eriogonum  mlcrothecum 
Junlperus  osteosperma 
Artemisia  trldentata 
Chrysothamnus  vlcldlf lorus 
3  others 
Total  browse 


149.5 
6.2 
2.0 
0.6 

238.1 

159.9 

34.6 

2.0 

593.1 


116.1 
1.8 

0.2 

0.8 

262.0 

238.7 

12.9 

14.9 

647.4 


FORBS 


Commandra  umbellata 
Vlcia  americana 
Crepls  accuminata 
Lithospermum  ruderale 
Opuntla  spp. 
12  others 
Total  forbs 


1.6 

0.7 

2.0 

6.9 

20.0 

13.5 

44.9 


0.2 
0.2 
1.7 
1.1 

14.4 

7.8 

25.4 


GRASS 

Total  grass 
TOTAL  PRODUCTION 
GROUND  COVER 


125.9 
763.9 


116.1 
788.9 


Exposed  soil 

Litter 

Rock 

Basal  vegetation 

PLANT  CANOPY  COVER 


24.2 

58.8 

14.0 

3.0 

37.2 


The  percent  crude  protein  in  the  forage  consumed  changed  considerably  (table  4). 
]rude  protein  levels  were  high  in  May,  but  declined  rapidly.   The  few  forbs  that 
"emained  available  through  the  summer  were  lower  in  crude  protein  than  the  palatable 
irowse  species.   For  the  composite  diet,  percent  crude  protein  declined  from  about  li 
)ercent  in  May  to  about  8  percent  by  late  summer  when  no  high  quality  forages  were 
selected. 
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Table  4. 

— Percent  crude  protein  for  plant  species 
the  monthly  diet 

comprising  1  percent 

or  more  of 

Month 

Species 

May 

June       July 

Aug. 

Sept. 

BROWSE 


Purshia  tridentata 
Symphoricarpos  oreophyllus 
Amelanchier  alnif olia 
Eriogonum  microthecum 


FORBS 


Commandra  umbellata 
Vicia  americana 
Crepis  accuminata 
Lithospermum  ruderale 
Astragalus  spp. 
Agoseris  glauca 
Descuriana  spp. 
Collinsia  parvif lora 
Delphinium  nelsonii 
Allium  Accuminatum 


Weighted  percent  in  diet 


13.8 
14.9 
15.2 


10.7 
11.0 
12.7 


18.0 

9.4 

17.2 

8.6 

19.5 

8.0 

20.9 

13.1 

21.8 

10.6 

20.2 

— 

24.0 

10.5 

10.0 

— 

11.6 

— 

18.1 


9.5 


10.0 


8.9 
12.8 

8.0 
10.2 


6.3 


7.9 


7.9 
6.8 
8.2 


6.5 


6.4 


7.7 


8.2 
4.7 


6.4 


6.4 


8.: 


111! 

irc 

le 

lir 

r\ 

pel 


^Estimated, 


DISCUSSION 


Although  Smith  (1953)  rated  antelope  bitterbrush  relatively  unpref erred  as  a 
summer  deer  forage — 25th  of  33  species  assessed — it  is  important  on  low  elevation 
summer  ranges.   Trout  and  Thiessen  (1973)  reported  that  antelope  bitterbrush  comprised] 
4,  1,  13,  22,  and  5  percent  of  the  monthly  diets  from  May  through  September, 
respectively,  from  ranges  where  it  made  up  less  than  1  percent  of  the  vegetal  cover. 
They  stated  that  where  the  shrub  occurred,  use  by  deer  and  cattle  was  heavy.   Leach 
(1956),  using  rumen  analyses  from  29  and  16  deer,  reported  that  antelope  bitterbrush 
comprised  6.6  and  34.6  percent  of  the  summer  diets  from  two  herds  in  California.   Ben 
(1966)  and  Tueller  and  Monroe  (1976),  in  comparing  13  low  elevation  summer  deer 
habitats  in  Nevada,  concluded  that  whenever  antelope  bitterbrush  was  found  within  a 
plant  community,  that  community  was  invariably  ranked  among  the  highest  in  deer  use. 
Berg  (1966)  further  stated  that  the  shrub  was  the  most  heavily  used  species  in  all 
areas  where  it  occurred.   Based  on  rumen  analyses  of  sacrificed  deer  (five  per  samplii; 
period),  Doughty  (1966),  Deibert  (1968),  and  Tueller  (1979)  reported  it  was  an 
important  forage  in  summer  (table  5).   The  high  dietary  variation  was  caused  by  low 
sample  size  and  changes  in  collection  sites.   Nonetheless,  their  data  indicate  the 
importance  of  antelope  bitterbrush  even  though  its  maximum  plant  canopy  cover  was  onl 
3.8  percent. 
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rable  5. — Proportion  of  antelope  bitterbrush  (percent  dry  weight  and  percent 

frequency  of  occurrence  in  mule  deer  diets  from  Fox  Mountain,  Nevada 


Month 

May 

July 

September 

Year 

Weight 

Frequency 

Weight 

Fr( 

squency 

Weight 

Freq 

uency 

1964^ 

1 

.7 

40 

50.7 

100 

38 

.8 

100 

1965^ 

23 

.7 

100 

55.7 

100 

4 

.7 

40 

19662 

28 

7 

100 

21.1 

100 

16 

.4 

100 

1967^ 

16 

.4 

40 

17.2 

100 

17 

.6 

100 

^From  Doughty  1966. 
^From  Deibert  1968. 


Although  our  data  showed  that  antelope  bitterbrush  had  a  considerably  higher 
dietary  contribution,  especially  in  late  summer,  the  study  was  conducted  where  other 
palatable  browse  species  were  sparse.   If  rumen  analyses  from  wild  deer  had  been  used, 
the  diet  probably  would  have  contained  less  bitterbrush  and  greater  amounts  of  other 
species  since  mule  deer  generally  have  large  home  ranges  which  likely  would  have 
Included  other  vegetal  types  (Rodgers  and  others  1978).   Nonetheless,  the  important 
implication  is  that  where  it  occurs  on  low  elevation  summer  ranges  antelope  bitterbrush 
is  readily  consumed  and  preferred  by  deer. 

Although  nutritional  parameters  have  not  been  strictly  defined  for  mule  deer 
naintenance  or  growth,  forage  quality  (crude  protein  and  digestibility)  does  effect 
:arcass  weights,  productivity,  and  antler  size  (Julander  and  others  1961;  Robinette  and 
others  1973).   Einarsen  (1946)  estimated  5  percent  crude  protein  was  the  critical  level 
:or  maintenance  of  black-tailed  deer  in  Oregon,  and  Longhurst  and  others  (1952) 
istimated  this  level  was  7  to  8  percent  for  mule  deer  in  California.   Maintenance 
.evels  for  adult  white-tailed  deer  ranged  from  about  6  to  8  percent  with  optimal  levels 
)f  14  to  18  percent  or  higher  (French  and  others  1955;  Magruder  and  others  1957;  Murphy 
md  Coates  1966;  Holter  and  others  1979).   Summarizing  these  studies,  about  7  percent 
•rude  protein  appears  to  be  an  acceptable  mean  for  body  maintenance. 

I    Consequently,  for  this  study,  the  crude  protein  levels  in  the  diet  were  excellent 
n  May,  adequate  in  June  and  July,  and  slightly  above  maintenance  in  August  and 
eptember.   Since  bitterbrush  followed  the  same  nutritional  decline  but  remained  above 

percent  crude  protein  in  this  study,  as  well  as  in  others  (Doughty  1966;  Trout  and 
hiessen  1973) ,  we  conclude  that  antelope  bitterbrush  is  adequate  for  body  maintenance 
f  mule  deer.   Nonetheless,  crude  protein  values  of  this  shrub,  as  well  as  the  combined 
let,  were  considerably  below  those  reported  from  high  quality  ranges  where  late  summer 
alues  were  generally  above  12  percent  (Collins  1979;  Pallesen  1979). 

CONCLUSIONS  AND  RECOMMENDATIONS 

1.  Antelope  bitterbrush  is  an  important  summer  forage,  palatable  to  mule  deer. 

he  percent  dietary  contribution  of  the  shrub  increased  through  the  summer  as  palatable 

prbs  and  other  browse  species  became  less  available. 

f 

2.  Although  nutritionally  far  from  optimal,  pinyon-juniper  and  big  sagebrush 
Jimnunities  used  by  deer  in  summer  and  containing  moderate  quantities  of  bitterbrush 
lould  be  considered  as  summer  range.   To  estimate  maximum  potential  summer 
2er-days/ha,  the  following  procedure  is  suggested: 
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A.  Assume  daily  forage  intake  (dry  weight)  per  deer 

is  3.3  lbs  (1.5  kg)  (Smith  1953;  Bandy  and  others  1970). 

B.  Assume  bitterbrush  comprises  50  percent  of  the  summer  diet  (table  1). 

C.  Assume  70  percent  of  bitterbrush' s  current  annual  growth  is  allocated  foi 
deer,  with  half  (35  percent)  utilized  in  summer. 

D.  Divide  half  the  allocated  production,  as  determined  in  fall  from  ungrazec 
plots,  by  the  daily  bitterbrush  consumption. 

E.  Example  using  our  figures: 

«   •     J    J  116.1  lbs/acre  X  .35    „,  ,  .,^  ^  ,     ,    ,,  , 

Maximum  deer  days  per  acre  =  — ; — , ,-  ,, — 73 -. =  24.6  (60.9  deer-days/ha) 

■'      '^  1.65  Ibs/deer-day  -^ 

•2       •     ^u    24.6  deer-days/acre   640  acre      c  /oo  o  j    /1  2\ 

Deer  per  ma  over  six  months  =  .  o/^  j  X  —^ —  =  87.5  (33.8  deer/km  ) 

^  180  days  mi 

Caution  must  be  used  in  applying  this  procedure;  lower  figures  result  from  higher 
intake  rates,  increased  bitterbrush  in  the  diet,  or  more  conservative  forage 
allocation,  and  vice  versa.   Consumption  of  the  shrub,  as  well  as  other  deer  forages, 
by  livestock  must  also  be  considered.   Furthermore,  other  factors  including  water, 
animal  behavior,  and  human  disturbance  may  be  more  limiting  than  the  forage  resource. 
Robinette  and  others  (1977)  reported  a  density  of  61.9  deer/mi^  (23.9  deer/km^)  on 
diverse  low  elevation  summer  range,  but  the  extent  of  winter  range  was  about  half  that 
of  summer  range. 

3.  Management  of  livestock  should  maximize  forage  availability,  particularly 
bitterbrush,  for  deer  while  using  the  grass  resource.   Therefore,  livestock  should  be; 
grazed  in  mid-  to  late  spring  when  grass  is  succulent,  but  before  livestock  use 
switches  to  bitterbrush  and  other  browse  (Jensen  and  others  1972).   Berg  (1966) 
reported  that  on  seven  areas  where  grazing  was  poorly  controlled,  livestock  use  of 
bitterbrush  exceeded  that  of  deer.   On  our  study  area,  livestock  grazing  from  about  M, 
15  to  no  later  than  July  1  (Smith  and  Doell  1968)  appears  to  be  acceptable. 

4.  Since  high  quality  forages  are  not  available  in  late  summer,  the  carcass 
condition  and  weight  of  deer  would  be  expected,  and  apparently  are,  less  than  those  o:: 
deer  on  high  quality  summer  range  (Austin  1982).  This  would  likely  result  in  increasi; 
mortality  and  decreased  productivity  (Julander  and  others  1961).  Consequently, 
antlerless  harvest  of  mature  females  should  be  conservative. 
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OPPORTUNITIES  AND  APPROACHES  FOR  ENHANCING  NITROGEN 

1 
FIXATION  IN  PURSHIA.  COWANIA.  AND  FAI^LVglA 


Timothy  L.  Righetti,  Carolyn  H.  Chard, 

2 
and  Donald  N.  Munns 


ABSTRACT 

Although  Purshia  and  Cowania  are  capable  of  nitrogen 
fixation,  the  ecological  importance  is  not  known. 
Limited  observations  suggest  sparse  nodulation  may 
occur.   There  may  be  opportunities  for  enhancing 
nitrogen  fixation  utilizing  an  inoculum,  species  and 
ecotype  selection,  intergeneric  hybridization,  and  plant 
breeding.   Field  trials  are  essential  to  demonstrate 
possible  applications. 


INTRODUCTION 

Specific  bacteria  that  infect  plant  roots  allow  the  utilization  of  atmospheric 
nitrogen.   The  plants  can  then  flourish  and  enrich  the  soil  without  expensive 
nitrogen  fertilizer.   Nitrogen  fixation  has  long  been  exploited  in  agriculture, 
Rhizobium  inoculants  for  specific  legumes  are  commercially  available  and  effective 
management  of  the  legume  symbiosis  is  a  common  agricultural  practice. 

Purshia  (bitterbrush)  and  Cowania  (cliff rose)  are  genera  among  certain  woody 
angiosperms  that  have  a  symbiotic  association  with  Frankia.  an  actinomycete  somewhat 
similar  to  the  better  known  legume -Rhizobium  system.   Both  genera  are  important  in 
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ecological  succession  and  are  early  colonizers  on  natural  or  human- induced 
disturbances.   Symbiotic  nitrogen  fixation  could  contribute  to  their  pioneer  success. 
There  is  tremendous  potential  for  adapting  successful  aspects  of  legume -Rhizobium 
agricultural  practices  to  reclamation  approaches  using  the  actinorhizal  association. 

Lack  of  knowledge  of  the  occurrence,  effectiveness,  and  duration  of  nodules  on 
Purshia  and  Cowania  makes  it  difficult  to  estimate  their  ecological  importance  and 
level  of  nitrogen  input.   In  some  field  observations,  nodulation  has  not  been 
encountered  (Nelson,  in  this  proceedings).   It  appears  that  many  sites  are  sparsely 
nodulated  (Dalton  and  Zobel  1977;  Nelson,  in  this  proceedings),  and  in  some  cases 
nodule  biomass  may  be  insufficient  for  appreciable  nitrogen  inputs  (Dalton  and  Zobel 
1977).   Drought  is  a  likely  factor  where  soil  samples  collected  from  sparsely 
nodulated  sites  produce  abundant  nodules  on  well-watered,  greenhouse-grown  seedlings 
(Dalton  and  Zobel  1977;  Righetti  and  Munns  1981).  However,  soils  collected  from 
native  stands  sometimes  produce  non-nodulated  seedlings  even  in  greenhouse  trials 
(Wagle  and  Vlamis  1961;  Klemmedson  1979;  Righetti  and  Munns  1981).   This  is 
especially  true  in  surface  samples  where  moisture  and  temperature  stresses  may  be 
severe  (Righetti  and  Munns  1981). 

Water  may  be  the  limiting  factor,  making  nitrogen  fixation  of  limited  ecological 
importance.   Fallugia  paradoxa  (Apache  plume)  may  be  non-nodulating  (Righetti  and 
Munns  1981;  Nelson,  in  this  proceedings)  even  though  a  hardy  pioneer.   This  may  have 
implications  on  the  ecological  significance  of  nitrogen  fixation  especially  if 
Purshia.  Cowania.  and  Fallugia  all  evolved  from  a  common  ancestor  (McArthur  and 
others,  in  this  proceedings).   However,  it  seems  likely  that  nitrogen  fixation  would 
be  an  advantage  for  these  pioneer  species  commonly  found  on  drastically  nitrogen- 
deficient  sites.   Although  nitrogen  fixation  rates  may  be  much  less  than  those 
associated  with  agricultural  legumes,  the  nitrogen  requirement  for  these 
slower-growing  shrubs  is  substantially  less.   Even  if  nitrogen  fixation  input  into 
the  ecosystem  is  small,  it  may  enhance  survival  and  establishment  for  the  species 
involved. 

Purshia  has  been  grown  in  nitrogen-free  media  (Bond  1976a).   Although  the 
symbiosis  can  provide  plants  with  a  source  of  nitrogen,  the  challenge  is  to  bring 
greenhouse  successes  to  more  difficult  field  applications.   It  is  conceivable  that 
nodulation  could  enhance  initial  plant  establishment,  but  the  enhanced  success  has  to 
be  compared  to  applied  nitrogen.  In  nitrogen-deficient  soils,  4-month-old,  nitrogen- 
supplied,  greenhouse-grown  Purshia  seedlings  are  generally  three  to  four  times  larger 
than  nodulated  ones  (Righetti  and  Munns  1982).   It  may  not  be  wise  to  rely  on 
symbiotic  nitrogen  if  an  initial  nitrogen  application  is  superior.   Perhaps  nodulated 
transplants  with  an  established  symbiosis  could  overcome  the  slow  symbiosis  estab- 
lishment that  has  been  reported  (Bond  1976a;  Dalton  and  Zobel  1977;  Righetti  and 
Munns  1981).   However,  a  slow-release  nitrogen  fertilizer  in  the  planting  medium  is 
relatively  inexpensive  considering  the  cost  of  labor  and  the  transplants  themselves. 
Some  evidence  has  suggested  that  bare  root  transplants  are  superior  to 
container-grown  transplants  (Carpenter,  in  this  proceedings).   This  may  create 
difficulties  for  a  nodulated  transplant  scheme  as  maintenance  of  nodulation  on  bare 
root  stock  may  be  difficult.   Even  if  fertilized  for  initial  establishment,  the 
I  effect  of  the  nitrogen  application  will  disappear.   Continued  growth  on  symbiotic 
nitrogen  would  be  desirable. 

We  know  very  little  about  capabilities  or  opportunities  for  improvement  of 
nitrogen  fixation  in  these  shrubs.   With  a  vigorous  research  effort,  nitrogen 
fixation  may  be  enhanced.   The  economic  establishment  of  a  soil-enriching. 
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maintenance-free  plant  community  may  be  obtainable.   An  evaluation  of  current 
research  efforts  and  possible  approaches  to  enhance  nitrogen  fixation  in  Purshia. 
Cowania.  and  Fallugia  are  presented  in  this  paper.  Studies  are  necessary  on 
inoculation  responses,  soil  fertility  factors  limiting  nodulation,  species  and 
ecotype  selection,  genetic  improvement,  and  intergeneric  hybridization.   Field  trials 
will  be  required  to  evaluate  any  potential. 

INOCULATION  RESPONSES 

Naturally  occurring  soil  populations  of  the  appropriate  actinomycete  seem  to  be 
adequate  for  actinorhizal  systems  inhabiting  moist  ecosystems,  alder  for  example 
(Bond  1976b).   In  more  xeric  climates,  insufficient  soil  populations  may  cause  sparse 
nodulation.   This  is  apparent  from  greenhouse  trials  in  which  soil  collected  from 
Purshia  stands  in  eastern  California  was  used  as  a  growing  medium  with  crushed 
nodules  as  an  inoculum  (Table  1).   Nodules  for  the  inoculum  were  collected  at  Truckee 
and  Burcham  Flat. 

When  inoculated  with  a  P.  tridentata  crushed  nodule  inoculum,  one  of  four  non- 
nodulating  soils  (soil  4)  and  four  sparsely  nodulating  soils  (soils  3,  6,  8,  10) 
produced  well-nodulated  plants.   Inoculation  also  increased  nodule  mass,  total 
nitrogen,  percent  nitrogen,  and  shoot  dry  mass  in  some  of  the  soils.   Of  the  three 
soils  failing  to  produce  well-nodulated  plants  when  inoculated,  one  produced  plants 
that  responded  well  to  nitrogen  additions  but  failed  to  nodulate  under  low  nitrogen 
conditions  (soil  9).   A  second  produced  severely  stunted  plants  suggesting  stresses 
other  than  nitrogen  deficiency  on  the  host  (soil  2).   The  third  (soil  7)  produced 
plants  that  were  not  nitrogen  deficient. 

Subsequent  studies  have  demonstrated  that  surface  soil  may  bias  the  assessment  of 
a  site's  nodulation  capability  for  either  Purshia  or  Cowania  stands.   Table  2 
presents  data  from  a  greenhouse  experiment  in  which  Cowania  seedlings  were  grown  in 
surface  and  subsurface  soil  samples  collected  from  10  Cowania  shrub  communities  in 
Arizona.   Only  three  (soils  3,  9,  and  10)  of  the  10  surface  soils  produced  well- 
nodulated  seedlings.   Nodulation  is  usually  better  in  subsoil  samples,  but  even  some 
subsoils  produced  few  or  no  nodules. 

Nodule  masses  display  the  same  relationships  as  nodule  number,  but  differences 
between  sites  and  sampling  depth  are  relatively  smaller.   Seedlings  appear  to 
compensate  for  fewer  successful  infections  with  an  increase  in  mass  per  nodule. 

Nitrogen  inhibits  nodulation,  thus  nitrogen-amended  soils  often  produce  fewer 
nodules.   This  is  evident  in  the  data  and  more  apparent  in  shorter  term  experiments 
(Righetti  and  Munns  1982).   Common  soil  nitrogen  levels  may  inhibit  nodulation, 
especially  in  surface  samples.   However,  inoculation  responses  (table  1)  and  soil 
analyses  indicate  that  nitrogen  inhibition  is  not  a  major  cause  of  sparse  nodulation. 
It  is  possible  that  nitrogen  levels  not  inhibitory  in  small  container  experiments 
with  adequate  water  could  be  inhibitory  in  the  field  where  drought  might  make 
nitrogen  nonlimiting. 
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Table  1.   —  Nodule  number,  nodule  mass,  shoot  dry  mass,  and  total  nitrogen  in  the 
shoot  for  4-month,  P.  tridentata  seedlings  grown  in  10  different  soils 
(from  Righetti  and  Munns  1982). 


Site  identification 


Nodule 
number 


Nodule  mass 
mg/plant 
(fresh) 


Shoot  dry  mass 
mg/plant 
(dry) 


Total  N  in  shoot 
mg/plant 


1. 


2. 


3. 


4. 


5. 


8. 


9. 


10. 


Burcham  Flat 

uninoculated 

40 

90 

inoculated 

71 

130 

Cactus  Flat 

uninoculated 

0 

0 

inoculated 

4 

3 

Chilcoot 

uninoculated 

1 

10 

inoculated 

56  * 

203 

* 

Independence 

uninoculated 

0 

0 

inoculated 

29  * 

143 

* 

Sherwin  Hill 

uninoculated 

34 

166 

inoculated 

42 

190 

Shingle  Mill  Flat 

uninoculated 

10 

83 

inoculated 

82  • 

180 

* 

Silver  Lake 

uninoculated 

0 

0 

inoculated 

0 

0 

Truckee 

uninoculated 

21 

150 

inoculated 

66  * 

206 

* 

Valyermo 

uninoculated 

0 

0 

inoculated 

1 

10 

Walker 

uninoculated 

2 

4 

inoculated 

41  * 

130 

• 

190 
240 

173 
116 

360 
396 

150 
230   * 

380 
340 

200 
316    * 

1773 
2225 

390 
47  0 

203 
236 

146 
280   * 


4.23 
4.75 

2.02 
1.36 

4.07 
7.48   * 

1.86 
4.14  * 

7.11 
6.83 

3.74 
7.58   * 

23.09 
31.15 

7.61 
9.54 

3.53 
3.04 

1.75 
5.29   * 


*Indicates  that  values  are  significantly  (p  =  0.05)  greater  than  the 
uninoculated  treatment  in  the  same  soil. 

Analysis  of  the  data  from  several  greenhouse  trials  reveals  a  correlation 
between  a  soil's  ability  to  nodulate  (as  measured  by  nodule  fresh  mass  per  seedling) 
and  the  site's  elevation  (elev.  squared,  r=0.340,  p=0.032)  and  precipitation 
(reciprocal  precip.,  r=(-)0.44,  p=0.004).   Nodulation  is  often  sparse  or  absent  in 
samples  collected  from  dry,  low  elevation  locations.   The  most  important  physical  or 
chemical  soil  parameter  to  correlate  with  nodulation  is  sodium  bicarbonate- 
extractable  phosphorus  (log  phosphorus,  r=0.392,  p=0.012).   A  forward  multiple 
regression  model  utilizing  the  reciprocal  of  precipitation,  the  log  of  extractable 
phosphorus  and  sample  depth  (r=0.344,  p=0.05)  can  account  for  54  percent  of  the 
variability  in  nodule  mass  if  one  aberrant,  high-nitrogen  soil  is  omitted.   Although 
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Table  2.   --  Nodule  number  (nodules/plant)  for  6-month,  £.  mexicana  var.  stansburiana 
seedlings  grovm  in  10  different  surface  (0-20cm)  and  subsurface 
(20-40cm)  soil  samples  with  and  without  56  ppm  nitrogen. 


Unamended 

Surf 

ace 

Subsurface 

5 

15 

0 

1 

41 

266  * 

3 

49  * 

2 

29 

4 

81  * 

3 

6 

6 

18 

29 

46 

46 

23 

Nitrogen- supplied 
Surface     Subsurface 


1.  Big  Springs 

2.  Desert  View 

3.  Flagstaff 

4.  Fredonia 

5.  Grand  Canyon 

6 .  Jacob  Lake 

7.  Pay son 

8.  Prescott 

9.  San  Francisco  Peaks 
10.  Williams 


0 
0 

0  D 
0 
0 
0 
3 
3 
8 
35 


16 

0 

7  D 
21 

1 

4  D 

7 

4 
85  * 
10 


*  indicates  that  values  are  significantly  (p 
than  in  the  surface  soil. 

D  indicates  that  values  are  significantly  (p 
amended  treatment  than  in  unamended  treatment. 


0.05)  different  in  the  subsurface 
0.05)  different  in  nitrogen 


potassium  (reciprocal  potassium,  r=0.480,  p=0.01),  magnesium  (reciprocal  magnesium, 
r=0.387,  p=0.05),  and  sodium  (reciprocal  sodium,  r=0.411,  p=0.01)  were  also 
moderately  correlated  with  nodulation,  these  variables  add  only  5.6%  to  the 
predictive  capability  of  the  model,  and  interpretation  of  these  factors  is  difficult. 
Soil  and  environmental  factors  are  important  in  determining  the  capability  of  a 
sample  from  a  specific  site  to  produce  nodulated  seedlings.   Soil  factors  have  also 
been  correlated  with  the  incidence  of  nodulation  in  the  field. 3  Although  a  suitable 
soil  population  of  the  microsymbiont  may  exist  at  some  sites,  other  sites,  especially 
from  harsh  locations,  might  benefit  from  an  inoculation.   In  sites  where  these  shrubs 
have  not  been  previously  established,  a  need  for  inoculation  is  more  likely. 

The  successful  isolation  of  Frankia.  the  actinomycete  genus  infecting 
susceptible  angiosperms  (Callaham  and  others  1978),  will  allow  many  applications. 
The  endophytes  infecting  roots  at  a  given  site  may  not  be  the  most  effective.   The 
importance  of  incompatibility  between  host  and  microsymbionts  resulting  in  reduced 
efficiency  may  have  been  underestimated.   Not  all  Frankia  strains  are  equally  capable 
of  fixing  nitrogen,  and  ineffective  strains  can  be  isolated  from  natural  populations. 
Gains  could  probably  be  made  through  inoculation  with  compatible  and  superior 
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strains,  thus  enhancing  nitrogen  fixation.   This  approach  currently  is  being  explored 
and  an  isolation  of  the  first  Frankia  strain  for  a  rosaceous  species,  Purshia. 
appears  successful.^  The  competitiveness  of  a  superior  strain  with  ineffective 
endogenous  strains  remains  unanswered.   However,  if  container-grown,  nodulated 
transplants  were  utilized,  one  could  be  assured  that  at  least  in  the  short  term  a 
desirable  and  superior  symbiosis  exists.  Although  it  appears  that  nodules  may  exist 
for  quite  some  time,  the  longevity  of  nodules  on  these  shrubs  and  the  persistence  of 
a  superior  symbiotic  system  cannot  be  predicted  (Nelson,  in  this  proceedings).   If 
bare  root  transplants  or  seeding  is  the  desired  means  of  stand  establishment, 
competition  with  endogenous  strains  may  be  more  important.   With  the  rapid  gains 
occurring  in  endophyte  culture,  it  may  be  possible  to  select  for  both  competitiveness 
and  effectiveness,  circumventing  problems  with  native  ineffective  strains, 

SOIL  FERTILITY  FACTORS  LIMITING  NODULATION 

Even  with  a  suitable  population  and  adequate  moisture,  optimal  nodulation  and 
nitrogen  fixation  could  be  limited  by  fertility  constraints  (Righetti  and  Munns 
1981).   In  some  cases,  nitrogen-deficient  seedlings  are  only  sparsely  nodulated  even 
in  the  presence  of  an  inoculum  adequate  for  other  soils  (Righetti  and  Munns  1982). 
Salinity,  soil  reaction,  and  fertility  factors  may  be  important.   Table  3  presents  an 
example  of  fertilizer  response. 

Nodule  mass,  nodule  number,  total  nitrogen  in  shoots,  percent  nitrogen  in  shoots 
and  percent  of  root  consisting  of  nodules  generally  increased  with  the  fertilizer 
amendment.   Nodule  percentages  were  similar  to  previous  studies  in  the  same  unamended 
subsoil  (Righetti  1980)  but  approached  solution  culture  values  of  11  percent  (Bond 
1976a)  when  the  soil  was  treated  with  phosphorus  and  sulfur.   The  increase  is  due  to 
increased  nodulation;  root  weight  did  not  appreciably  change  with  fertility 
treatments. 

The  response  to  the  fertilizer  amendment  was  more  apparent  for  P.  glandulosa 
than  P.  tridentata.   Purshia  tridentata  appears  to  have  a  better  symbiotic  tolerance 
to  low  fertility.   It  may  be  possible  to  select  appropriate  adapted  species  or 
ecotypes  capable  of  tolerating  fertility  constraints  as  well  as  modifying  soils  to 
alleviate  fertility  problems.   The  better  symbiotic  tolerance  of  P.  tridentata  to  low 
fertility  is  further  supported  by  data  from  Wagle  and  Vlamis  (1961).  In  their  2-year 
study  of  plants  grown  in  a  nitrogen  deficient  soil  that  nodulated  both  species,  shoot 
weights  of  P.  tridentata  were  greater  than  £.  glandulosa  in  unamended  soils  but 
similar  in  a  soil  amended  with  phosphorus,  potassium  and  sulfur. 


^Baker,  D. ;  McCain,  R. ;  Seling,  E.  Serologic  and  host  compatibility 
relationships  among  the  isolated  Frankiae.   Cand,  J.  of  Microbiol,  (in  press) 
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Table  3. — Nitrogen  fixation  parameters  (per  plant)  for  P.  tridentata  and  £. 

glandulosa  seedlings  grown  in  soils  with  different  fertility  treatments 
(from  Righetti   1980) 


Nitrogen  fixation  parameters 


Unamended  soil 


Phosphorus  and  sulfur 
amended  soil 


P.  tridentata: 

nodule  mass  (mg) 
nodule  number 
total  N  (mg) 
%  N 
nodule  %  of  root 

P.  glandulosa 
nodule  mass 
nodule  number 
total  N 
%  N 
nodule  %  of  root 


183 

D 

102 

D 

13.8 

D 

2.56 

D 

4.9 

65 

23 

6.73 

1.00 

2.3 

365 

• 

129 

D 

18.33 

2.52 

D 

10 

* 

278 

• 

73 

* 

14.43 

* 

1.88 

* 

9.0 

* 

1  50ppm  phosphorus  as  Ca(H2P04)2  and  80ppm  sulfur  as  CaS04*2H20. 

*  indicates  the  parameter  is  significantly  (p  =  0.05)  greater  in  the  amended 
treatment. 

D  indicates  that  the  value  reported  for  P.  tridentata  is  significantly  (p  = 
0.05)  greater  than  the  corresponding  value  for  P.  glandulosa. 


SPECIES  AND  ECOTYPE  SELECTION 


Differences  between  the  two  Purshia  species  are  not  surprising  considering 
their  different  ecological  niches.   Since  ecotypes  within  both  Purshia  species,  and 
Cowania  mexicana  var.  stansburiana  are  known  to  vary  tremendously  across  a  wide  range 
of  properties,  selection  of  superior  nitrogen-fixing  species  or  ecotypes  for  specific 
situations  may  prove  valuable.   There  is  some  evidence  that  ecotypes  vary  in  their 
nitrogen-fixing  capability. 

Differences  in  nodulation  and  growth  for  £.  glandulosa   seedlings  grown  from 
seeds  collected  from  different  locations  have  been  observed  (Righetti  and  Munns 
1981).   Dalton  and  Zobel  (1977)  reported  that  a  P.  tridentata  ecotype  from  Utah 
produced  ineffective  nodules  when  grown  in  an  Oregon  soil  that  effectively  nodulated 
other  ecotypes.   The  potential  and  necessity  for  selecting  appropriate  species  or 
ecotypes  for  a  wide  range  of  characteristics  has  been  repeatedly  emphasized 
throughout  these  proceedings,  and  nitrogen  fixation  is  no  exception.   If  the 
actinomycetes  infecting  these  rosaceous  plants  is  as  variable  as  the  hosts,  a 
combined  effort  of  selecting  appropriate  host-endophyte  combinations  could  prove 
fruitful.   In  the  short  term,  ecotype  selection  may  be  the  best  means  of  providing 
improved  plant  material. 
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GENETIC  IMPROVEMENT  AND  INTERGENERIC  HYBRIDIZATION 

The  remarkable  variation  within  and  hybridization  between  the  two  Purshia 
species  provides  a  tremendous  reserve  for  potential  breeding  programs.   Hybridization 
between  the  two  Purshia  species  and  C,  mexicana  var.  s^ansburiana  with  introgression 
in  both  directions  enlarges  possibilities  that  have  been  discussed  in  some  detail 
(Stutz  1972;  McArthur  and  others,  in  this  proceedings).   It  is  not  surprising  that 
putative  hybrids  between  the  two  genera  produce  nodulated  seedlings  (Righetti  and 
Munns  1981).   Nitrogen-fixation  capability  could  be  included  with  whatever  other 
characteristics  are  sought  in  breeding  programs. 

Fallugia  p_aradoxa  does  not  appear  to  be  capable  of  symbiotic  nitrogen 
fixation.   Seedlings  have  been  grown  in  native  soils  that  produce  nodules  on  related 
species  without  producing  nodules  on  Fallugia  (Righetti  and  Munns  1981;  Nelson,  in 
this  proceedings),  and  field  searches  have  failed  to  reveal  nodulated  plants  (Nelson, 
in  this  proceedings).   Expanding  the  host  range  of  actinomycete-nodulated  plants  to 
include  Fallugia  could  have  important  applications.   Natural  putative  hybrids  between 
£.  paradoxa  and  Q_.   mexicana  var.  stansburiana.  a  nitrogen  fixing  species,  have  been 
reported  and  attempts  at  artificial  crosses  appear  successful  (Blauer  and  others 
1975).   It  is  not  known  if  the  putative  hybrid  has  a  nitrogen  fixation  capability. 

We  have  recently  produced  rooted  cuttings  of  a  natural  putative  hybrid  growing 
at  Ranger  Pass,  Kaibab  National  Forest  in  northern  Arizona.   Indole  butyric  acid 
(IBA)  levels  between  0  and  10,000  ppm  have  been  tested.   Rooting  success  increased 
from  a  negligible  percentage  at  low  levels  to  a  maximum  of  60  percent  at  10,000  ppm 
IBA.   At  IBA  concentrations  of  3,000  ppm  and  above,  rooting  is  complete  within  45 
days.   Lower  concentrations  require  up  to  7  5  days  to  achieve  their  optimum  rooting 
percentages.   Although  high  levels  of  IBA  produce  a  higher  percentage  of  successfully 
rooted  cuttings,  less  survive.   None  of  the  10,000  ppm,  IBA-treated  cuttings 
survived.   Since  the  putative  hybrid  is  a  unique  living  resource,  a  minimal  amount  of 
cutting  material  was  used  and  a  statistical  evaluation  was  not  possible.   However, 
the  following  procedure  is  routinely  used  to  produce  cuttings  of  the  C.  mexicana  var. 
stansburiana.  £.  paradoxa.  the  putative  hybrid,  and  "f-2  '  hybrid  seedlings. 

Softwood  cuttings  (3  to  8  cm)  are  removed  from  field  or  greenhouse  plants.   If 
transportation  is  necessary,  cuttings  are  stored  in  an  ice  chest  during  transpor- 
tation to  the  laboratory.   Upon  arrival  the  distal  ends  of  the  cuttings  are  trimmed, 
jrought  in  contact  with  a  sponge  saturated  with  a  2,000  ppm  IBA,  50  percent  ethanol, 
solution  for  5  seconds,  and  placed  in  a  sterile  30  percent  peat,  70  percent  vermi- 
:ulite  mix.   Intermittent  (15  seconds  on,  7-minute  interval)  distilled  water  mist  is 
ipplied  for  the  rooting  period  (4-6  weeks).   Plants  are  then  transplanted  into  the 
lesired  media  and  returned  to  the  mist  bench.   The  interval  between  misting  periods 
.8  gradually  lengthened  until  mist  is  no  longer  required.  A  rooting  of  33  percent 
?ith  80  percent  survival  is  consistently  achieved  for  field  collected  material. 
Jreenhouse-grown  material  is  more  successful.   Some  of  the  rooted  material  has 
lurvived  over  a  year  and  has  been  evaluated  for  nodulation  and  nitrogen  fixation. 
'ince  the  endophyte  infecting  Cowania  roots  has  not  been  isolated,  a  soil  mix  known 
o  produce  nodulation  in  Cowania  seedlings  was  used  as  a  growing  medium.   Nodulation 
nd  acetylene  reduction  has  been  demonstrated  for  the  putative  hybrid  cuttings  and 
ere  similar  to  Cowania  cuttings  of  the  same  size  and  age. 

I     Approximately  40,000  seeds  were  collected  from  the  putative  hybrids  in  July 
'981.   Since  Cowania  is  abundant  and  Fallugia  is  sparse  at  this  Arizona  location, 
hese  seeds  are  likely  to  be  the  product  of  a  Cowania  x  putative  hybrid  backcross, 
f  these  only  150  appeared  filled,  and  we  have  successfully  germinated  nine,  two  of 
hich  died  at  an  early  stage.   The  remaining  seven  have  remained  vigorous  and  are 
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currently  being  vegetatively  propagated.   The  poor  fertility  was  not  expected  and  is 
considerably  less  than  what  we  have  observed  in  some  putative  Purshia  x  Cowania 
hybrids.   Although  both  Cowania  and  Fallugia  have  been  reported  as  having  a  9n 
chromosome  number,  Fallugia  populations  recently  sampled  are  14n  (McArthur  and 
others,  in  this  proceedings),  and  the  reports  on  Fallugia  (Baldwin  1951)  may  be  in 
error.   If  this  is  the  case,  a  hybrid  between  two  genera  with  different  chromosome 
numbers  would  be  unusual  and  could  explain  the  poor  fertility. 

Although  it  appears  that  a  thorough  study  on  hybridization  between  Cowania  and 
Fallugia  could  provide  more  information  on  the  genetics  of  host  susceptibility  to 
nitrogen  fixation,  important  questions  need  to  be  addressed.  We  doubt  whether  the 
putative  hybrids  are  a  genuine  product  of  Cowania  x  Fallugia  crosses.   Anatomically, 
with  the  exception  of  pistil  number,  the  putative  hybrid  closely  resembles  Cowania. 
Counts  of  chromosomes  from  root  tips  of  putative  hybrid  cuttings  and  seedlings 
produced  from  putative  hybrid  seed  were  18.   A  hybrid  would  likely  have  an 
intermediate  number  between  18  (Cowania)  and  27  (Fallugia) .   It  is  likely  that  the 
small  population  reported  consists  of  interesting  Cowania  mutants.   It  is  important 
to  verify  reported  artificial  hybridization  between  these  two  genera  (Blauer  and 
others  197  5)  using  chromosome  counts  and  other  characterization  of  the  progeny. 
Another  question  arises  on  whether  Fallugia  is  truly  a  non-nodulating  genus.   Field 
searches  and  greenhouse  trials  involving  many  different  populations  should  continue. 

If  Fallugia  still  appears  to  be  a  non-nodulating  genus  after  a  substantial 
search,  nodulated  "F-1"  hybrid  seedlings  would  be  an  indication  of  the  feasibility  of 
host  range  expansion.   If  viable  seedlings  could  be  produced  from  a  hybrid  x  Fallugia 
cross,  a  breeding  program  could  conceivably  produce  a  nodulated  Fallugia-like 
species,  and  have  long-term  implications. 

A  short-term  selection  and  vegetative  propagation  scheme  could  be  initiated. 
Seedlings  from  a  hybrid  would  be  genetically  unique  and  are  likely  to  have  varying 
degrees  of  Cowania  or  Fallugia  character,  depending  on  the  pollen  source  and  meiotic 
segregation  of  the  hybrid  gamete.   These  unique  individuals  could  be  reproduced 
vegetatively  and  tested  for  many  characteristics  including  nitrogen  fixation. 
Similar  propagation  schemes  using  seedlings  derived  from  Cowania  x  Purshia  hybrids 
could  also  be  useful. 


FIELD  TRIALS 

Although  the  opportunities  and  approaches  for  enhancing  nitrogen  fixation  in 
the  rosaceous  shrubs  have  been  discussed  and  optimism  on  the  potential  applications 
of  actinomycete-nodulated  plants  has  been  expressed,  some  caution  is  also  necessary. 
There  are  no  convincing  reports  that  nodulation  and  nitrogen  fixation  have  a 
substantial  impact  on  the  ecosystems  inhabited  by  these  genera  or  if  the  plants 
receive  considerable  benefit  from  the  symbiosis  in  establishment,  growth,  or 
longevity.   Field  trials  are  necessary  to  conclusively  demonstrate  potential 
application.   Any  studies  comparing  the  establishment,  growth  and  longevity  of 
non-nodulated  and  nodulated  plants  will  add  valuable  information.   Utilizing  plants 
of  a  desirable  and  tested  ecotype,  nodulated  with  an  efficient  Frankia  strain,  is 
essential.   Comparing  establishment  of  nodulated  versus  non-nodulated  (and  perhaps 
initially  nitrogen-deficient)  transplants  could  demonstrate  an  ecological  importance 
of  the  process,  but  to  thoroughly  assess  the  potential  application  on  marginal  land, 
it  is  necessary  to  include  a  nitrogen  control.   If  a  soil  is  drastically  nitrogen 
deficient,  it  may  be  unwise  to  avoid  using  an  initial  nitrogen  application  unless 
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ssured  that  symbiotic  plants  will  establish  equal  or  better  stands.   Field  studies 
ugmenting  water  supply  would  be  helpful  in  determining  to  what  extent  soil  moisture 
s  limiting  nodulation  and/or  nodule  function. 

Nitrogen  fixation  is  not  a  panacea  and  may  only  have  an  application  on  certain 
ites.   It  is  difficult  to  demonstrate  a  nodulation  response  in  short-run  greenhouse 
xperiments,  so  one  might  expect  similar  difficulties  at  some  field  sites.   Long-term 
enefits  may  be  more  difficult  to  demonstrate  than  an  establishment  trial.   It  may  be 
ecessary  to  identify  drastically  nitrogen-deficient  sites  with  low  populations  of 
ative  Frankia.   Prior  to  expensive,  long-term  field  trials  it  may  be  desirable  to 
onduct  greenhouse  experiments  with  field-collected  soil.   This  will  assure  that  an 
noculation  response  with  the  selected  Frankia  strain  can  occur  at  the  field  site. 

Even  with  many  questions  unanswered,  there  is  still  cause  for  optimism.   The 
mportance  of  legumes  in  agricultural  systems  adds  credence  to  goals  of  utilizing 
hese  actinorhizal  nitrogen  fixing  systems  on  marginal  land.   Vigorous  research 
hould  proceed. 
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OCCURRENCE  AND  NATURE  OF  ACTINORHIZAE  ON  COWANIA 
STANSBURIANA  AND  OTHER  ROSACEAE 

2 
David  L.  Nelson 

ABSTRACT 

Actlnorhizal  root-nodulation  occurred  on  Cowania 
stansburlana,  Purshia  trldentata,  _P.  glandulosa, 
Cercocarpus  ledlfollus,  but  not  on  the  Fallugla  paradoxa 
plants  studied  in  natural  stands.   Over  6  years,  annual 
percentage  of  Cowania  plants  sampled  varied  widely. 
Nodule  necrosis  and  sloughing  was  common.   Amount  of 
nodulation  on  Cowania  and  Purshia  in  greenhouse  tests  was 
much  higher  than  found  in  the  field.   Actinorhizal 
nodules  on  cliffrose  are  typical  of  those  formed  on  other 
Rosaceae. 

INTRODUCTION 

Wildland  shrub  improvement  and  revegetation  for  restoration  of  wildlife  habitats 
and  disturbed  landscapes  in  the  Western  United  States  are  of  increasing  importance 
and  interest  (Plummer  and  others  1968;  Monsen  1975;  Thames  1977;  Wright  1978). 
Enhancing  the  forage  productivity  of  western  livestock  ranges  is  becoming  more 
essential  as  competition  increases  for  more  direct  use  of  agricultural  plant 
products  for  human  consumption.   Biological  nitrogen  fixation  could  play  a  vital 
role  in  maintaining  the  nitrogen  balance  in  plant  ecosystems  (Youngberg  and  Wollum 
1970;  Evans  1975;  Wollum  and  Davey  1975;  Silvester  1977).   The  nature  of 
actinomycete  symbiotic  nitrogen-fixation  in  nonleguminous  plants  is  of  broad 
international  interest  (Uemura  and  Sato  1975;  Nutman  1976;  Becking  1977;  Garber  and 
Ruddat  1979).   At  present,  162  species  in  19  genera  in  7  families  of  woody 
Dicotyledons  are  known  to  form  actinomycete-type  root  nodules  (actinorhizae) 
(McArthur  and  others  1974;  Bond  1976;  Heisey  and  others  1980;  Righetti  and  Munns 
1980).   Becking  (1970)  proposed  the  family  Frankiaceae  (Becking)  for  the  species  of 
Frankia  Bunchorst  (Actinomycetales)  to  which  the  actinorhizal  microsjnnbionts  belong. 

^    Among  western  North  American  shrubs  of  the  Rosaceae  are  species  valuable  for 
ildlife,  livestock,  and  revegetation  use  (USDA  Forest  Service  1937;  Blauer  and 
others  1975).   Certain  species  of  this  family  function  as  symbiotic  nitrogen  fixers 
Ln  plant  community  nitrogen  balance  (Wagle  and  Vlamis  1961;  Vlamis  and  others  1964; 
.awrence  and  others  1967;  Lepper  and  Fleschner  1977;  Klemmedson  1979).   Of  the 
losaceae,  12  species  in  6  genera  have  been  found  to  bear  actinorhizal  nodules  (table 
l).   These  genera  belong  to  the  subfamily  Rosoideae,  and  all  except  Rub us  belong  to 
;he  tribe  Dryadeae  as  described  by  Engler  (1964).   There  is  some  question,  however, 
)n  the  significance  of  nitrogen  fixation  by  shrubs  in  the  more  arid  regions  of  the 
Western  United  Stateh  (Dalton  and  Zobel  1977;  Kummerow  and  others  1978). 
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Table  1. — Genera  and  species  of  the  Rosaceae  forming  symbiotic,  nitrogen-fixing 
actinorizal  nodules 


Genera/species 


Reference 


Nodulation  evidence' 


CERCOCARPUS 
C.    betuloides  Nutt.  ex  T&G 
C.    ledifolius  Nutt. 

C^.  montanus  Raf. 

C^.  paucidentatus  Britt. 

CHAMAEBATIA 
C^.  foliolosa  Benth. 

COWANIA 
C.  stansburiana  Torr. 


DRYAS 
_D.  drunimondii  Richards 

D^.  integrif olia  Vahl 
D^.  octopetala  L. 

PURSHIA 
P.  tridentata  (Pursh)  DC 


P^.  glandulosa  Curran 

RUBUS 
R_.  ellipticus  Sm. 


Vlamis  and  others  196A 
Youngberg  and  Hu  1972 
Lepper  and  Fleschner  1977 
Hoppel  and  Wollum  1971 
Hoppel  and  Wollum  1971 


Heisey  and  others  1980 

McArthur  and  others  1974 
Righetti  and  Munns  1980 

Lawrence  and  others  1967 

Lawrence  and  others  1967 
Lawrence  and  others  1967 


Wagle  1958 

Webster  and  others  1967 

Krebill  and  Muir  1974 

Wagle  1958 

Righetti  and  Munns  1981 


Bond  1976b 
Becking  1979 


GDN,  NFD-(GT) 

GDN,  NFD-(GT) 

FDN,  NFD-(AR) 

FDN,  NFD-(AR) 

FND,  NFD-(AR) 


MHDE 


15. 


FDN,  NFD-(AR,  IN) 


FDN 


15, 


GDN,  NFD-(AR,  IN) 


FDN,  NFD-(I  N,  GT) , 
MHDE  I 

FDN 
FDN 


15. 


FDN 

GDN,  NFD-CI'-'N) 

MHDE 

FDN 

GDN,  NFD-(AR) 


FDN 
FDN-(AR) 


-First  information  on  the  subject. 
FDN  =  Field  discovered  nodulation;  GDN  =  Greenhouse  demonstrated  nodulation; 
NFD-  =  Nitrogen  fixation  demonstrated;  (AR)  =  Acetylene  reduction;  (I  N)  =  Isotopic 
(GT)  =  Greenhouse  test,  growth  in  nitrogen  deficient  soil;  (MHDE)  =  Morphological- 
histological  description  of  actinorhizae. 


Although  nitrogen  fixation  has  been  demonstrated  for  most  rosaceous  shrub  specie 
known  to  nodulate,  there  is  little  information  on  nodulation  frequency  in  the  field. 
In  Cercocarpus,  existence  of  actinorhizae  on  C^.  betuloides  is  based  only  on 
nodulation  of  plants  reared  from  seeds  in  greenhouse  pots  in  soil  from  a  ponderosa 
pine  site  (Vlamis  and  others  1964) .   C^.  ledifolius  formed  actinorhizae  in  greenhouse 
tests  by  Youngberg  and  Hu  (1972)  in  soil  known  to  nodulate  species  of  Ceanothus, 
Alnus,  and  Purshia,  but  they  found  no  actinorhizae  on  C^.  ledifolius  in  stands  in 
central  and  eastern  Oregon.   The  only  record  of  field  occurrence  is  on  a  single 
plant  excavated  in  the  San  Bernardino  Mountains  of  southern  California  (Lepper  and 
Fleschner  1977).   Hoeppel  and  Wollum  (1971)  found  actinorhizae  on  C^.  montanus  and  C^. 
paucidentatus  on  respective  sites  in  the  Sacramento  and  Pinos  Altos  Mountains  of  New 
Mexico  but  did  not  investigate  nodulation  frequency,  although  they  mention  that 
nodulation  on  C.  montanus  was  more  apparent  than  on  the  other  species.   In  their 
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study  of  Chamaebatia  follolosa  actinorhizae,  Heisey  and  others  (1980)  found  no 
nodulation  on  plants  in  sites  with  7.9  inches  (20  cm)  or  more  0.  soil  horizon;  their 
discovery  of  nodulation  was  in  an  area  with  little  0.  horizon,  but  no  information  is 
given  on  frequency  of  plants  nodulated.   The  first  report  of  actinorhizae  on  Cowania 
stansburiana  by  McArthur  and  others  (1974)  was  based  on  our  1973  discovery  in  Salt 
Creek  Canyon  east  of  Nephi,  Utah,  but  no  details  were  given.   Righetti  and  Munns 
(1980)  have  demonstrated  both  nodulation  and  nitrogen-fixation  by  Stansbury 
cliffrose  in  greenhouse  tests  using  crushed  nodules  collected  from  seedlings  of 
Purshia  tridentata  and  P^.  glandulosa  reared  in  the  greenhouse  in  soil  known  to 
naturally  nodulate  Purshia.   They  did  not  find  naturally  occurring  actinorhizae  on 
Stansbury  cliffrose.   The  frequency  of  nodulated  plants  was  not  indicated  by 
Lawrence  and  others  (1967)  on  three  species  of  Dryas  studied  in  areas  of  recent 
glacier  recession  in  Alaska,  but  accumulation  of  soil  nitrogen  under  Dryas  discs 
increased  from  29  to  357  lb/acre  (33  to  400  kg/ha)  during  the  period  of  Dryas 
dominance.   Wagle  (1958)  discovered  actinorhizae  on  P^.  tridentata  and  P^.  glandulosa 
in  the  field  but  did  not  study  frequency  of  nodulation,  nor  did  Righetti  and  Munns 
(1982)  in  their  study. 

Of  the  rosaceous  shrubs,  P^.  tridentata  appears  to  be  the  most  frequently 
nodulated,  but  little  information  exists  on  natural  incidence.   Examination  of  P^. 
tridentata  root  systems  in  two  sites  in  the  pumice  region  of  central  Oregon  by  Dalton 
and  Zobel  (1977)  revealed  that  46  percent  of  364  plants  excavated  bore  nodules.   This 
amount  is  lower  than  encountered  with  other  actinomycete  nodulated  plants  such  as  Alnus 
that  are  close  to  100  percent  nodulated  (Bond  1974).   Kummerow  and  others  (1978)  found 
only  about  one-tenth  the  nodule  density  per  1.3  yd^(m^)  on  southern  California 
Ceanothus  greggii  A.  Gray  as  reported  on  northern  California  Ceanothus  spp.   Both 
Kummerow  and  others  (1978)  and  Dalton  and  Zobel  (1977)  concluded  that  the  low 
nodulation  frequency  was  probably  related  to  the  low  moisture  conditions  in  these 
semi-arid  regions.   Dalton  and  Zobel  (1977)  also  showed  that  low  temperatures  could 
be  a  factor.   They  reasoned  further  that  low  amounts  of  nodulation  probably  did  not 
result  from  low  soil  endophyte  populations,  because  nodulation  of  plants  grown  in 
the  same  soil  in  greenhouses  was  complete.   Nevertheless,  nodulation  in  greenhouse 
tests  does  not  occur  in  all  soils  taken  from  sites  where  known  nodulating  hosts  such 
as  Purshia  spp.  are  growing  (Wagle  and  Vlamis  1961;  Righetti  and  Munns  1980). 
Addition  of  crushed  nodule  inoculum  to  known  nodulating  soil  enhanced  nodulation  in 
greenhouse  tests  (Righetti  and  Munns  1981)  suggests  that  endophyte  population  was 
well  as  other  soil  factors  could  be  limiting  nodulation.   Soil  N,  P,  and  S  levels 
apparently  play  a  role  in  limiting  or  improving  nodulation  (Righetti  and  Munns 
1981).   Improved  nutritional  condition  of  the  host  resulting  from  a  mycorrhizal 
presence,  involving  N,  P,  and  Ca  also  apparently  enhances  nodulation  by 
actinomycetes  (Rose  and  Youngberg  1981) . 

}  The  objective  of  this  study  was  to  provide  information  on  occurrence  and  nature  of 

actinorhizae  on  C^.  stansburiana  and  other  rosaceous  shrubs  in  the  field. 

METHODS  AND  MATERIALS 

We  observed  the  nature  and  morphology  of  root  nodules  on  Cowania  stansburiana 
(Stansbury  cliffrose)  during  the  numerous  root  excavations  made  from  1973  through 
1981. 

The  root  systems  of  the  following  shrub  species  were  examined  for  actinorhizae: 
Cowania  stansburiana  (Stansbury  cliffrose),  Purshia  tridentata  (antelope  bitterbrush) , 
_P.  glandulosa  (desert  bitterbrush) ,  Cercocarpus  ledifolius  (curlleaf  mountain 
mahogany),  and  Fallugia  paradoxa  (D.  Don)  Endl.  (Apache  plume). 
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We  studied  the  frequency  of  field  nodulation  of  Stansbury  cliffrose  primarily 
on  two  sites,  one  in  Salt  Creek  Canyon  east  of  Nephi ,  Utah  (elev.  5,900  ft  or  1  800  m) 
and  the  other  in  lower  Kyle  Canyon  (elev.  7,500  ft  or  2  270  m)  in  the  Spring 
Mountains  of  southern  Nevada.   Both  areas  were  typical  cliffrose  sites  with  plants 
of  wide  age  and  size  range.   At  the  Salt  Creek  Canyon  site,  sparsely  scattered 
Stansbury  cliffrose,  Cercocarpus  betuloides  and  Juniperus  osteosperma  (Torr.)  Little 
were  the  dominant  shrubs  on  Jurassic,  Arapien  shale  ridges.   The  area  was  highly 
eroded,  and  the  soil  was  apparently  of  low  fertility  and  extremely  hard  and 
difficult  to  dig.   At  the  Kyle  Canyon  site,  Stansbury  cliffrose,  Apache  plume, 
Chrysothamnus  spp.,  Ephedra  spp.,  Atriplex  spp.,  and  Juniperus  spp.  were  the 
dominant  shrubs.   The  lower  canyon  cuts  through  a  large  bajada  of  predominantly 
limestone  gravel. 

We  studied  nodulation  frequency  on  antelope  bitterbrush  on  Round  Mountain 
(elev.  7,600  ft  or  2  320  m)  and  near  Deadman  Summit  (elev.  8,000  ft  or  2  440  m) ,  Inyo 
County,  California.   At  Round  Mountain,  Pinus  jeffreyi  Grev.  &  Balf.  with  an 
understory  of  Artemisia  tridentata  Nutt.  and  antelope  bitterbrush  formed  the 
dominant  vegetation.   The  soil  was  a  soft  volcanic  ash  strewn  with  basaltic  rocks. 
At  the  Deadman  Summit  site,  an  almost  pure  understory  of  antelope  bitterbrush 
occurred  under  a  forest  of  P^.  j  ef  f  reyi.   The  soil  was  a  coarse  pumice.   The  two 
antelope  bitterbrush  sites  were  chosen  partly  because  the  soft  soil  allowed  more 
complete  exposure  with  less  damage  of  the  root  systems. 

At  the  Kyle  Canyon,  Round  Mountain,  and  Deadman  Summit  sites,  root  excavations 
were  made  from  1974  through  1981.   At  yearly  visits,  all  plants  between  2  and  24  inch« 
(5  and  61  cm)  along  328  ft  (100  m)  transects  were  excavated  with  pick  and  shovel  to 
a  depth  of  12  to  40  inches  (30  to  100  cm).   Roots  extending  beyond  this  depth  were 
not  examined.   We  recorded  the  range  and  average  height  of  plants  along  with  number 
of  plants  nodulated  and  number  of  nodules  per  plant.   A  single  nodule  or  nodule 
cluster  was  judged  as  the  product  of  a  single  infection.   Both  necrotic  and  actively 
growing  nodules  were  included  in  the  total.   On  the  Stansbury  cliffrose  site  at  Kyle 
Canyon,  we  noted  the  number  of  actively  growing  and  necrotic  or  sloughing  nodules 
for  each  plant.   At  Kyle  Canyon,  excavations  were  made  from  1974  through  1981 
between  July  9  and  16  (except  October  9,  1974),  excluding  1976.   At  other  sites, 
plants  were  selected  at  random,  except  limited  generally  to  plants  24  inches  (61  cm) 
or  less  in  height.   The  objective  with  species  on  these  sites  was  to  determine 
presence  of  nodulation  only. 

Rodents  commonly  make  bitterbrush  seed  caches  that  result  in  multiple  plant 
clumps.   In  1979  at  the  Deadman  Summit  site,  a  disturbed  area  along  a  road  recently 
invaded  by  antelope  bitterbrush  was  selected  for  examination  of  nodulation  frequency 
multiple  plant  clumps.   The  objective  was  to  examine  the  influence  competition  betwee 
plants  in  these  clumps  might  have  on  nodulation  frequency.   We  excavated  all  plants 
along  a  984  ft  (300  m)  transect  and  noted  clump  height,  number  of  plants,  number  of 
nodulated  plants,  number  of  nodules  per  plant,  and  condition  of  nodules. 

A  greenhouse  test  was  made  to  research  the  possibility  of  actinorhizal  formation 
in  Apache  plume  and  compare  rates  of  nodulation  among  Stansbury  cliffrose  and  the 
two  species  of  bitterbrush.   Soil  was  collected  from  the  root  zone  of  nodulated 
cliffrose  plants  at  the  Kyle  Canyon  site.   After  collection,  we  stored  the  soil  in  a 
coldroom  at  34°  ±  1°F  (1°  ±  0.5°C).   Equal  parts  of  the  soil  and  a  sterilized 
(autoclaved  2  hr  at  250°F  [121°C])  silica  sand-vermiculite  (Terra  Lite)  mixture  were 
used  as  the  test  medium  in  Tinus-size  (21.5  cu  inches  or  350  cc)  containers 
(Spencer-Lemaire  Inc.,  Edmonton,  Canada).   Seeds  were  leached  for  72  hours  in  cold 
running  tapwater  to  remove  germination  inhibitors,  treated  in  10  percent  Clorox 
(5.25  percent  Sodium  Hypochlorite)  to  kill  any  surface  seed-borne  organisms,  and     ■( 
then  planted  in  washed,  sterilized  silica  sand,  in  trays.   In  May,  immediately  after 
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emergence,  seedlings  were  transplanted  in  the  test  soil  and  placed  in  the 

greenhouse.   Plants  received  natural  day  lengths  and  lighting  in  a  fiberglass-covered 

greenhouse.   Temperatures  were  held  at  75°  and  61°F  (24°  and  16°C)  in  summer  and  50° 
and  34°F  (10°  and  1°C)  in  winter  day-night  regimes. 

We  applied  fertilizer  (Plant  Marvel,  Plant  Marvel  Laboratories,  Chicago, 
Illinois  containing  a  12-31-14  NPK  ratio  and  trace  elements  S,  B,  Cu,  Mn,  and  Zn)  to 
all  plants  immediately  after  transplanting  at  a  rate  of  .13  oz/gal  (1  g/1)  to  soil 
saturation.   Thereafter,  no  fertilizer  was  added.   Plants  were  watered  when  dry  to 
soil  saturation.   We  used  25  plants  per  treatment.   Greenhouse  contamination  from 
possible  air-borne  actinorhizal  fungi  was  checked  by  growing  the  same  number  of 
plants  of  each  species  in  soil  that  had  been  autoclaved.   At  9  months  after  planting, 
the  soil  was  washed  from  roots  and  number  of  nodules  counted.   Nodulation  values 
were  arrayed  according  to  Newman-Keul' s  multiple  range  test  (Steel  and  Torrie  1960). 

RESULTS 

The  actinorhizal  nodules  found  on  Cowan ia  stansburiana  ranged  from  single 
unbranched  lobes  usually  .25  to  .38  inch  (1  to  1.5  mm)  in  diameter  by  .25  to  .76  inch 
(1  to  3  mm)  long  (extending  laterally  on  secondary  rootlets)  to  massive  multibranched 
clusters  up  to  2  or  2.5  inches  (5  or  6  cm)  diameter.   The  majority  of  nodule  clusters 
were  0.4  to  0.8  inches  (1  to  2  cm)  or  less  in  diameter.   The  larger  nodule  clusters 
were  usually  attached  to  the  larger  laterals  or  main  tap  root  within  3  to  6  inches 
(10  to  20  cm)  of  the  soil  surface.   The  average  nodule  clusters  were  nearly 
spherical,  although  when  formed  against  a  hard  surface  they  were  flat  and 
fan-shaped.   Tips  of  actively  growing  nodules  were  almost  white,  turning  to  a  light  tan 
proceeding  proximally.   Patches  of  rust-brown  corky  tissue  formed  an  irregular  mosaic 
pattern  on  the  surface  of  the  most  enlarged  portion  of  nodule  lobes  or  branches. 
Continuing  proximally  three  to  four  branching  levels,  branches  became  shrunken  to  about 
half  their  maximum  diameter,  with  a  dark-brown  surface  of  sloughing  cortical  material. 
On  young,  actively  growing  nodules,  initial  branching  was  di-,  tri-,  and  sometimes 
multichotomous.   With  larger  or  older  nodule  clusters,  branching  was  more 
symetrically  dichotomous.   Adjoining  nodule  lobes  tended  to  branch  dichotomously  at 
a  90°  angle  to  the  opposing  lobe,  resulting  in  typical  coralloid  structures.   Nodule 
clusters  were  found  closely  appressed  on  larger  roots  but  were  more  commonly 
laterally  or  apparently  terminally  attached  to  smaller  secondary  roots.   A  closer 
examination  revealed  that  nodules  originated  laterally  as  from  the  host  pericycle. 
Frequently,  as  nodule  clusters  increased  in  size,  an  expression  of  apical-type 
dominance  became  evident  (fig.  1).   The  root  distal  to  a  nodule  point  of  attachment 
discontinued  growth,  shriveled,  and  died.   Thereafter,  the  nodule  appeared  to  be  of 
terminal  root  origin.   Increment  growth  of  roots  with  attached  nodules  was  often 
considerably  greater  than  non-nodulated  roots  arising  in  the  same  vicinity. 
Expression  of  this  apparent  dominance  was  evident  over  all  lateral  roots  arising 
proximally  until  the  point  where  the  nodulated  root  branched  from  a  main  root. 

I     Table  2  summarizes  data  on  the  occurrence  and  frequency  of  nodulation  on  the 

•ivarious  shrubs  studied.   Actinorhizal  nodules  were  found  on  all  species  studied  except 
Fallugia  paradoxa.   Of  plants  sampled,  height  ranged  from  2  to  40  inches  (5  to  102 
cm)  with  an  average  of  12  inches  (31  cm).   The  major  portion  of  root  systems  of 
plants  in  this  size  range  could  be  exposed  when  excavated  to  a  depth  of  12  to  40 
inches  (30  to  100  cm).   Excavation  of  larger  plants  was  too  time-consuming  to 

I  affectively  include  in  the  study.   The  data  thus  represents  information  on  the 
smaller,  likely  younger,  plants  at  the  various  sites.   Within  the  12  to  40  inch  (30 
to  100  cm)  depths  excavated,  nearly  all  nodules  were  found  in  the  upper  12  inches 
(30  cm)  of  the  soil  at  all  sites  studied.  From  a  total  of  all  plants  examined  during 
:he  study,  the  percentage  nodulated  ranged  as  follows:   25.4  percent  on  Cowania 

J  stansburiana,  25.0  percent  on  Purshia  tridentata,  12.5  percent  on  P^.  glandulosa,  and 
5.8  percent  on  Cercocarpus  ledif olius. 
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Figure  1. — 1-year-old 
nodule  cluster  from 
Cowania  stansburlana. 
Note  nodule  point  of 
attachment  (A) ,  size  of 
root  proximal  (B) ,  and 
distal  (C). 


Table  2. — Frequency  of  actinorhizal  nodules  on  shrubs  in  the  field 


Shrub  species 


Date' 


Location 


Plant 
size^ 


Plants 
examined  Nodulated 


Cowania  stansburlana 


Purshia  tridentata 


Purshia  glandulosa 


1973-74   Salt  Creek  Canyon 
Juab  Co. ,  Utah 

1979     Provo  Canyon 

Utah  Co. ,  Utah 

1974-81  Kyle  Canyon 

Clark  Co. ,  Nevada 

1974-77   Round  Mountain 

Inyo  Co. ,  Calif. 

1975-79   Deadman  Summit 

Inyo  Co. ,  Calif. 

1973-79   Lida  Summit 

Esmerelda  Co. ,  Nev. 


cm 

No. 

Percent 

15-31-102 

48 

8.3 

15-33-66 

44 

.0 

10-36-76 

3394 

32.2 

5-25-91 

294^ 

17.3 

5-25-61 

884^ 

27.5 

15-36-61 

50 

12.5 

8-31-46 

57 

8.8 

25-76 

12 

.0 

25-36 

15 

.0 

Cercocarpus  ledifolius   1973-79  Adams  Head  Mountain 

Garfield  Co. ,  Utah 

Fallugia  paradoxa       1973     Kyle  Canyon 

Clark  Co. ,  Nev. 

1975     Coal  Creek  Canyon 

_^___ Iron  Co.  ,  Utah 

Plant  root  systems  excavated  by  pick  and  shovel. 

^Period  of  years  excavations  were  made  (not  necessarily  on  all  years  included) 
3 

Plant  average  height  (center)  and  extremes. 

'^Total  plants  excavated  on  eight  328  ft  (100  m)  transects. 

^Total  plants  excavated  on  five  328  ft  (100  m)  transects. 

^Total  plants  excavated  on  seven  328  ft  (100  m)  transects. 
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On  the  more  intensively  studied  Cowania  transects  at  Kyle  Canyon,  percentage  of 
plants  nodulated  varied  from  53.1  percent  in  1975  to  9.4  percent  in  1979  (table  3). 
The  average  number  of  nodules  per  plant  ranged  from  2.6  to  7.7  for  the  6  years.   The 
highest  number  of  nodules  found  on  a  single  plant  was  27,  with  the  majority  having  from 
1  to  3.   An  occasional  plant  would  have  many  more  nodules  than  usual  so  that  in  most 
years  nearly  half  of  the  nodules  found  were  on  1  or  2  plants.   Many  nodules  were 
necrotic  and  appeared  to  be  completely  dead  (fig.  2).   Others  had  portions  that  were 
actively  growing  (fig.  3) .   The  percentage  of  nodules  with  at  least  some  actively 
growing  portions  varied  from  67.8  to  6.4  over  the  6  years.   There  was  no  apparent 
reason  for  the  failure  to  find  nodules  on  Stansbury  cliffrose  at  the  Provo  Canyon  site. 


Table  3. — Occurrence  of  actinorhizal  nodules  on  Cowania  stansburiana 
in  Kyle  Canyon^ 

Year      Plant  size^      Nodulated Total Nodule        Plants     Active 

sampled                    plants  nodules     range^      nodulated    nodules 


cm 

-  -  -  -  Number 

-  -  -  - 

-  - 

-  -  -  Percent 

-  - 

1975 

15-30-61 

17 

56 

1-27 

(65) 

53.1 

67.8 

1977 

8-33-51 

13 

49 

1-20 

(77) 

40.6 

47.5 

1978 

15-36-61 

10 

47 

1-25 

(70) 

31.1 

6.4 

1979 

10-28-61 

3 

23 

2-12 

(33) 

9.4 

17.4 

1980 

5-23-51 

10 

26 

1-6 

(90) 

31.3 

38.5 

1981 

8-36-61 

5 

32 

1-19 

(60) 

16.0 

18.6 

^Data  from  the  first  32  plants  5  to  61  cm  in  height  excavated  on  one  transect  each 

year. 
^Left  and  right  figure  represents  range  extremes,  center  figure  represents  average 

height. 
'First  two  figures  represent  range  in  nodule  number  per  plant,  figure  in  brackets 

is  the  percentage  of  nodulated  plants  with  1  to  3  nodules  per  plant. 
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Figure  2.- — Roots  of  a  Cowania  plant  with  numerous  necrotic  nodule  clusters  (arrows). 


Figure  3. — Two  partially  necrotic  nodule  clusters, 
lobes  (arrows). 
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Note  light  colored  active  nodul 


Data  on  nodulation  of  Purshia  tridentata  plants  growing  in  multiple  plant  clumps 
as  a  result  of  rodent  seed  caches  are  given  in  table  4.   We  found  up  to  18  plants  per 
clump,  but  those  with  more  than  6  were  not  included  because  of  the  small  numbers.   With 
an  increase  in  number  of  plants  per  clump  from  1  to  6,  the  percentage  of  plants 
nodulated  declined  from  50.0  to  16.7,  and  the  number  of  nodules  on  nodulated  plants 
declined  from  2.9  to  1.9.   Only  a  low  probability  existed  that  any  lack  of  correlation 
between  increasing  number  of  plants  per  clump  and  a  decline  in  number  of  plants 
nodulated  was  not  due  to  random  chance,  although  the  relationship  is  probably  not 
linear.   The  percentage  of  actively  growing  nodules  ranged  from  83.3  to  18.2  with  an 
increase  in  number  of  plants  per  clump,  but  there  was  no  clear  correlation. 

In  the  greenhouse  culture  test,  plants  of  all  species  formed  actinorhizae  except 
Apache  plume  (table  5).   No  control  plants  formed  actinorhizae.   The  mean  number  of 
nodules  per  plant  on  Cowania  was  higher  and  clearly  different  from  both  Purshia 
species,  but  there  was  no  clear  difference  between  Purshia  species.   The  variation 
in  number  of  nodules  per  plant  was  high;  for  example,  from  2  to  90  for  Cowania. 
Nodule  clusters  appeared  to  be  larger  on  plants  with  fewer  numbers  of  nodules 
although  no  nodule  mass  data  were  taken.   Nodules  were  distributed  uniformly 
throughout  root  systems  (fig.  4). 


Table  4. — Correlation  of  Purshia  tridentata  actinorhizal  nodulation  with  number  of 


plants 

per  clump 

Plants/ 

Clumps 

Clump 

Plants 

Nodules 

./ 

Active 

Active  nodules/ 

clump 

height 

nodulated 

nodulate 
plant 

d 

nodules 

nodulated  plant 

-  -   Numb 

er  -  - 

cm 

Percent 

Number 

Percent 

Number 

1 

42 

5-28-36 

50.0 

2.9 

83.3 

2.3 

2 

27 

5-17-33 

37.0 

2.6 

48.1 

1.3 

3 

23 

5-20-36 

24.6 

2.1 

42.9 

.9 

4 

26 

5-19-33 

28.8 

1.5 

60.0 

.9 

5 

9 

3-22-38 

15.6 

1.6 

18.2 

.3 

6 

11 

5-21-30 

16.7 

1.9 

28.6 

.5 

r 

-.93 

-.83 

-.80 

-.88 

P 

.01 

.05 

.05 

.05 
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Table  5. — Comparison  of  Purshia,  Cowanla,  and  Fallugia  nodulation  rate  in  greenhouse 
culture  test 


Species 


Seed  Source 


Percent 
nodulated 


Nodules/     CV' 
plant,  x^ 


Purshia  tridentata 
Purshia  glandulosa 
Cowania  stansburlana 
Fallugia  paradoxa 


Okanogan,  Washington 
Elbert  Pass,  California 
Kyle  Canyon,  Nevada 
Richfield,  Utah 


100 

15.5a 

48.4 

100 

11.8a 

74.6 

100 

28.8b 

72.6 

0 

0 

0 

^Percent  of  25  plants  with  nodules. 

^Values  followed  by  the  same  letter  are  not  significantly  different  according  to 

Newman-Keul' s  multiple  range  test  at  P  =  0.05. 
^Coefficient  of  variation. 


1:4 


Figure  4. — 2-year-old  Cowania  plant  from  greenhouse  test 
nodule  clusters  throughout  the  root  system. 


Note  distribution  of 
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DISCUSSION  AND  CONCLUSIONS 

Root  nodules  on  Cowania  stansburiana,  like  other  actinomycete-induced  nodules, 
were  modified  roots.   Nodules  on  Cowania,  like  Purshia,  Cercocarpus,  and  Dryas, 
developed  into  distinctly  indeterminate  coralloid  clusters.   Nodule  lobes  on  Cowania 
branch  di-  to  multi-chotomously  by  apparent  division  of  the  nodule  tip  meristem.   No 
distinctly  lateral  or  pericyclic  branching,  as  in  Ceanothus  nodules  (Strand  and  Laetsch 
1977),  was  observed,  and  no  nodule  roots  were  observed  as  in  Myrica  nodules  (Torrey 
and  Callaham  1978).   A  closer  comparison  with  the  Alnus-type  nodules  may  show  that 
actinorhizal  nodules  of  the  Rosaceae  are  morphologically  distinct.   A  definite 
apical-like  dominance  is  expressed  by  actinorhizae  of  Cowania.   Nodulated  roots  are 
distinctly  larger  than  non-nodulated  lateral  roots  of  comparable  age.   This  dominance 
is  possibly  a  hormone-related  phenomenon  and  likely  ensures  longevity  of  nodules, 
larger  volume  of  vascular  translocation,  and  more  secure  attachment  of  nodules. 
Presence  of  higher  levels  of  growth  hormone  activity  in  actinomycete-induced  nodules 
than  in  roots  has  been  demonstrated  in  Alnus  glutinosa  (L.)  Gaertn.  nodules: 
indol-3yl-acetic  acid  (lAA)  and  others  (Dullaart  1970) ,  cytokinis  (Bermudez  DeCastro 
and  others  1979) ,  and  lAA,  cytokinins  and  gibberellin-like  substances  (Wheeler  and 
others  1979).   Interest  has  focused  on  their  role  in  nodule  development  and 
microsymbiont  function.   The  possibility  of  a  hormonal  role  in  a  nodulated-root 
dominance  needs  to  be  considered. 

Purshia  glandulosa  likely  represents  a  stabilized  hybrid  between  £.  tridentata  and 
Cowania  stansburiana,  and  the  three  taxa  form  hybrid  swarms  where  their  ranges  overlap 
(Stutz  and  Thomas  1964).   Gene  introgression  occurs  commonly,  sometimes  far  beyond 
points  of  range  overlap  (Stutz  and  Thomas  1964;  Nord  1965).   Because  of  this  close 
relationship,  it  is  not  unexpected  that  Cowania,  as  noted  by  Righetti  and  Munns  (1980), 
would  be  found  to  form  an  actinorhizal  symbiosis  similar  to  Purshia.   Fallugia  paradoxa 
is  classed  in  the  tribe  Dryadeae  as  are  all  nodulating  Rosaceae,  except  Rub us ,  and  is 
probably  quite  closely  related  to  Cowania  as  indicated  by  experimental  and  possible 
natural  hybrids  (Blauer  and  others  1975).   Fallugia  did  not  nodulate  in 
Cowania-nodulating  soil  in  the  greenhouse  test  in  this  study  nor  in  those  of  Righetti 
and  Munns  (1981).   Our  limited  sampling  in  the  field  was  negative,  and  those  excavated 
at  Kyle  Canyon  were  in  a  mixed  stand  with  Cowania  on  which  nodules  were  found.   More 
extensive  field  sampling  would  provide  a  more  reliable  conclusion  on  existence  of 
nodulation  in  this  genus. 

The  frequency  of  nodulation  in  native  rosaceous  shrub  species  in  this  study  was 
low,  compared  to  other  groups  of  actinorhizal  plants  that  have  been  reported  to  be 
:lose  to  100  percent  nodulated.   Frequency  rates  appeared  generally  lower  than  that 
found  by  Dalton  and  Zobel  (1977)  on  P^.  tridentata  in  Oregon,  and  more  comparable  to 
:hat  found  on  southern  California  chaparral  Ceanothus  spp.  (Kummerow  and  others  1978). 
Information  on  frequency  of  nodulation  in  the  field  was  limited  by  the  method  used  in 
excavating  root  systems.  Also,  deeper  roots  were  difficult  to  reach,  and  sampling  was 
)rimarily  limited  to  smaller  plants.   Although  nodulation  frequency  on  arid  and 
semi-arid  land  species  of  Rosaceae  appears  low,  there  remains  a  potential  for 
icological  significance  because  nitrogen  is  generally  deficient  in  semiarid  regions. 

I    The  frequency  of  nodulation  of  Cowania  at  the  Kyle  Canyon  site  appeared  to  vary 
considerably  from  year  to  year  during  the  6  years  sampled.   Possible  explanations  could 
le  that  (1)  the  sample  size  was  too  small  to  account  for  variation  caused  by  low 
requency,  or  (2)  nodulation  rate  varied  with  fluctuating  amounts  of  effective  annual 
recipitation.   Until  this  variation  can  be  accounted  for,  it  would  seem  that  a  true 
valuation  of  frequency  cannot  be  based  on  a  single  year's  data.   Wagle  and  Vlamis 
1961)  obtained  no  nodulation  of  Purshia  plants  grown  in  soil  from  the  same  Deadman 
ummit  site  where  an  average  of  27.5  percent  of  Purshia  plants  nodulated  were  found 
table  2)  in  this  study.   This  disparity  suggests  that  greenhouse  bioassay  of 
odulation  potential  of  field  soil  also  needs  further  study. 

I  235 


The  low  percentage  of  actively  growing  nodules  was  unexpected,  but  there  was  no 
reason  to  think  it  was  unusual.   The  yearly  variation  in  amount  of  sloughing  was 
roughly  correlated  with  the  percentage  of  plants  nodulated.   Nodules  may  slough  during 
unusually  dry  years,  or  it  could  be  a  seasonal  occurrence  and  the  time  of  year  that 
sloughing  occurs  varies  with  seasonal  distribution  of  precipitation.   Kummerow  and 
others  (1978)  found  few  living  and  large  amounts  of  decaying  nodules  on  Ceanothus 
greggii  in  summer  and  fall  when  host  water  potentials  were  low.   A  single  watered  plan 
retained  actively  growing  nodules  into  late  summer.   Time  of  year  when  sampling  is  don 
could,  therefore,  be  an  important  factor  in  estimating  frequency  of  field  nodulation. 
The  seasonal  decomposition  rate  of  sloughing  or  senescent  nodules  is  unknown.   Only 
portions  of  some  nodules  slough.   One  might  speculate  that  evolution  has  been  toward  a 
system  where  nodules  tend  to  slough  during  periods  of  low  moisture,  providing  a  flush 
of  available  nitrogen  for  rapid  growth  during  short  periods  of  high  moisture.   The 
reason  for  an  occasional  nodulated  plant  having  many  more  nodules  than  usual  was  not 
evident.   No  apparent  differences  in  soil  moisture  or  other  soil  factors  existed. 
Perhaps  these  plants  were  genetically  more  compatible  symbionts,  and  differences  are 
masked  except  when  limiting  soil  factors  are  critical. 

In  the  multiple-plant  clumps  of  Purshia  tridentata,  the  number  of  plants  nodulate 
and  possibly  the  number  of  actively  growing  nodules  declined  with  an  increase  in  numbf 
of  plants  per  clump.  It  might  be  assumed  that  all  plants  within  the  clump  are  equally 
exposed  to  the  soil-borne,  nodule-endophyte  propagules.  A  possible  explanation  for  tl 
decline  would  be  a  competition  for  water  and  soil  nutrients  such  as  N,  P,  and  S  that 
influence  nodulation  (Righetti  and  Munns  1980)  and  the  nutrient  deficient  status  of 
plants  resulting  from  the  competition.  Proper  balance  of  P  and  Ca  in  Ceanothus 
velutinus  resulting  from  presence  of  vesicular-arbuscular  mycorrhizae  increased  the 
frequency  and  function  of  actinomycete  nodulation,  according  to  information  by  Rose  ai 
Youngberg  (1981).  Nitrogen  deficiency  resulting  from  competition  between  plants  in  tl 
clump  should,  however,  tend  to  enhance  nodulation. 


The  amount  of  nodulation  of  Cowania  and  Purshia  plants  in  the  greenhouse  culture 
test  was  much  higher  than  found  on  plants  examined  in  the  field.   Moisture, 
temperature,  and  plant  nutrient  balance  were  possibly  more  favorable  and  could  accouni 
for  this  difference  although  the  study  was  not  designed  to  test  these  factors.   Initio} 
addition  of  nitrate  certainly  did  not  greatly  inhibit  nodulation.   Righetti  and  Munns 
(1981)  tested  soil  factors  and  found  that  addition  of  P  and  S  enhanced  nodulation. 
Dalton  and  Zobel  (1977)  obtained  similar  increased  rates  of  nodulation  of  Purshia  in 
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greenhouse  tests.  The  number  of  nodules  forming  on  Cowania  was  significantly  higher 
than  on  the  two  Purshia  species.  And  because  the  Cowania  seed  and  test  soil  were  froi 
the  same  site  and  the  Purshia  seed  source  was  different,  there  could  be  suggestion  of 
endophyte-host  specificity.  The  number-of-nodule  basis  for  comparing  nodulation  amon 
these  species  was  a  measure  of  infectivity  rather  than  nitrogen-fixation.  Size  of 
nodule  clusters  appeared  inversely  correlated  with  higher  numbers  of  nodules  per  plan 
although  no  data  were  taken  to  establish  this. 

The  difficulty  encountered  in  culturing  the  Frankia  endophyte  in  absence  of  its 
host,  and  failure  thus  far  to  find  a  natural  saprophytic  phase,  suggest  an  obligate 
parasitism.   In  general,  obligate  parasites  infect  and  grow  better  in  a  healthy, 
vigorously  growing  host.   If  nitrogen  deficiency  in  the  host  enhances  infection,  it  i 
inconsistent  but  perhaps  unique  with  a  Frankia  obligate  parasitism.  , 
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RESPONSE  OF  BITTERBRUSH  AND  ASSOCIATED  PLANT  SPECIES  TO 
BROADCAST  NITROGEN,  PHOSPHORUS,  AND  SULFUR  FERTILIZATION 

2 
Arthur  R.  Tiedemann 

ABSTRACT 

The  effect  of  three  annual  fall  applications  of  a 
nitrogen  (N) ,  phosphorus  (P) ,  and  sulfur  (S) 
fertilizer  on  bitterbrush  (Purshia  tridentata  [Pursh] 
DC)  cover,  leader  growth,  crude  protein,  and 
understory  vegetation  cover  and  biomass  was  studied 
in  bitterbrush  habitats  in  north-central  Washington 
1973  through  1976.   Eight  replications  of  treatments 
were  established:   unfertilized/not  covered, 
unfertilized/covered,  fertilized/not  covered,  and 
fertilized/covered.   Nitrogen,  P,  and  S  were  applied 
at  annual  rates  of  67,  29,  and  10  lbs/acre  (75,  33, 
and  11  kg/ha)  respectively.   Bitterbrush  cover  varied 
widely  among  years  from  16  to  32  percent  (average  of 
all  treatments)  and  was  a  reflection  of  the  August 
through  February  precipitation,  but  there  were  no 
significant  differences  among  treatments  for 
bitterbrush  vegetative  cover  in  any  year.   Current 
annual  leader  growth  also  varied  among  years  in 
response  to  differences  in  August  through  February 
precipitation.   In  1974,  leader  length  of  the 
fertilized/not  covered  treatment  was  significantly 
less  than  the  fertilized/covered  treatment  indicating 
an  attractant  effect  of  fertilized  plants  for  mule 
deer.   Crude  protein  levels  did  not  appear  to  respond 
to  fertilization. 

Biomass  and  cover  of  herbaceous  understory 
responded  significantly  to  fertilization  and  to 
fertilization  and  protection  indicating  that 
fertilization  is  an  effective  means  of  improving 
protective  watershed  cover.   Calculated  uptakes  of  N, 
P,  and  S  by  understory  vegetation  indicated  that  the 
major  proportion  of  applied  nutrients  was  available 
for  bitterbrush  growth. 

The  failure  of  bitterbrush  to  respond  to 
fertilization  is  probably  a  consequence  of  the 
over-mature,  decadent  nature  of  these  stands. 

The  relationships  established  between  August 
through  February  precipitation  and  bitterbrush  cover 
and  leader  growth  should  be  a  valuable  predictive 
tool  for  bitterbrush  production  in  this  area. 


Paper  presented  at  symposium  on  Research  and  Management  of  Bitterbrush  and 
Cliffrose  at  Salt  Lake  City,  Utah;  April  13-15,  1982. 

2 
Supervisory  Range  Scientist  with  the  Intermountain  Forest  and  Range  Experiment 

Station,  Shrub  Sciences  Laboratory,  735  North  500  East,  Provo,  Utah  84601. 
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INTRODUCTION 

Antelope  bitterbrush  (Purshia  tridentata  [Pursh]  DC)  is  a  prominent  rosaceous 
shrub  of  low-  to  mid-elevation  vegetative  habitats  (700  to  2,000  ft  [200  to  600  m] ) 
of  the  mid-Columbia  region  of  eastern  Washington  (Daubenmire  1970;  Franklin  and 
Dyrness  1973).   In  addition  to  the  documented  importance  of  bitterbrush  as  a  major 
component  of  the  winter  and  early  spring  diet  of  mule  deer  (Odocoileus  hemionus 
hemionus)  (Burrell  1982),  its  continued  productivity  and  vigor  are  essential  to 
maintenance  of  watershed  stability  on  these  steep  erosive  slopes.   Decadence  and 
high  plant  mortality  of  bitterbrush  are  problems  that  have  significance  for 
continued  wildlife  productivity  and  land  stability  in  many  habitats  where  this 
plant  is  a  major  component  of  the  vegetation.   Driver  and  others   surveyed 
bitterbrush  communities  in  four  mid-Columbia  areas  of  northj-central  Washington 
using  the  rating  system  developed  by  Patton  and  Hall  (1966)  .   Two  of  the  areas 
they  surveyed  were  near  areas  of  the  present  study.   At  all  four  locations,  most 
plants  were  in  mature  or  decadent  age  classes. 

Absence  of  seedlings  and  young  plants  in  these  areas  indicates  a  possible 
shift  in  community  composition.   Without  recruitment  of  bitterbrush,  vegetative 
composition  may  shift  to  dominance  of  annual  and  perennial  grasses,  forbs,  and 
half shrubs. 

In  some  areas,  no  vegetation  succeeds  dying  bitterbrush.   The  result  is 
substantial  erosion,  road  maintenance  problems,  and  deterioration  of  water  quality. 
Erosion  establishes  a  subtle  epicycle  of  reduced  productivity  and  surface 
protection,  reduced  stability,  increased  erosion,  and  further  reduction  of 
productivity.   The  end  result  may  be  a  soil  material  so  low  in  nutrients  and 
water-holding  capacity  that  plant  growth  cannot  be  supported. 

Commercial  fertilizers  hold  promise  for  enhancing  plant  growth  and  restoring 
stability  to  unstable,  eroding  wildland  sites.   In  other  studies,  soil  nitrogen  (N) 
and  sulfur  (S)  have  been  determined  to  be  moderately  to  severely  deficient  in 
amount  and  availability  in  several  East  Cascade  soils  (Tiedemann  1972;  Tiedemann 
and  Klock  1977;  Klock  and  others  1971,  1975).   Leman  and  Pittack  conducted  a 
field  fertilization  trial  in  eastern  Washington,  using  130  lb  of  N  per  acre  (146 


3 
Driver,  Charles  H. ,  T.  A.  Hanley,  I.  Olmstead,  and  others.   Decadence  in 

antelope  bitterbrush — a  management  problem  and  solution.   Final  report  of  a 

cooperative  agreement  with  the  Pacific  Northwest  Forest  and  Range  Experiment 

Station.   Copy  on  file  at  Forestry  Sciences  Laboratory,  Wenatchee,  Washington, 
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S   Seedling:   Plant  up  to  3  years  old  that  has  become  firmly 
established,  usually  less  than  0.125  inch  (.3  cm)  diameter. 

Y   Young  plant:   Larger  with  more  complex  branching  and  more  fibrous  bark  than 
seedling,  does  not  show  signs  of  maturity,  usually  between  0.125  and  0.2  inch 
(.3  cm  and  .5  cm)  diameter. 

M   Mature  plant:   Complex  branching,  rounded  growth  form,  larger  size;  seed 

produced  on  healthy  plants;  generally  larger  than  0.25  inch  (.63  cm)  diameter, 

D   Decadent:   Plant,  regardless  of  age,  that  is  in  a  state  of  decline;  usually 
evidenced  by  25  percent  or  more  dead  branches. 


Leman,  B. ,  and  C.  C.  Pittack.   1969.   Pilot  study.   Pruning  and  fertilization  of 
)itterbrush  on  the  Swakane  Game  Range.   Unpublished  report  on  file  with  Chelan  Co. 
'UD,  Wenatchee,  Washington. 
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kg/ha)  applied  to  individual  shrubs  as  Ortho  unipel  ANS  30-10-0-6  (N,  phosphorus 
(P),  potassium  (K) ,  and  S)  and  Ortho  unipel  ANS  16-16-16-0  (NPKS) .   They  found  an 
increase  in  available  forage  on  bitterbrush  plants  classed  as  mature,  but  did  not 
obtain  a  response  from  plants  classed  as  decadent.   Bayoumi  and  Smith  (1976) 
studied  the  response  of  native  stands  of  antelope  bitterbrush  to  applications  of  N 
and  P  fertilizer  alone  and  in  combination.   Nitrogen  applied  at  30,  60,  96,  and  149 
lbs/acre  (34,  67,  108,  and  168  kg/ha)  to  individual  bitterbrush  plants  resulted  in 
statistically  significant  increases  in  twig  growth,  seed  production,  and  crude 
protein  percentages. 

Neither  of  these  fertilization  studies  addressed  the  integrated  plant 
community  response  to  fertilization.   The  prominence  of  cheatgrass  (Bromus  tectorum 
L.)  in  the  bitterbrush  habitats  of  the  mid-Columbia  necessitates  an  assessment  of 
the  total  community  response  because  cheatgrass  responds  readily  to  N  and  S 
fertilization  (Klemmedson  and  Smith  1964)  and  may  reduce  the  effectiveness  of 
applied  nutrients  for  bitterbrush.   A  more  practical  reason  for  evaluating  the 
total  community  response  is  that  aerial  broadcast  application  is  the  only  feasible 
means  for  fertilizing  many  sites — the  results  must  reflect  the  response  that  would 
occur  on  an  operational  basis.   A  3-year  study  to  assess  the  response  of 
bitterbrush  habitats  to  N,  P,  and  S  fertilization  had  the  following  objectives: 

1.  Assess  the  fertility  status  of  surface  soils  in  three  representative 
mid-Columbia  bitterbrush  habitats. 

2.  Evaluate  effectiveness  of  three  annual  fall  broadcast  applications  of  a 
nitrogen-phosphorus-sulfur  fertilizer  for  promoting  growth  and  increasing  crude 
protein  content  of  bitterbrush. 

3.  Measure  response  of  associated  plant  species  to  fertilization  and 
estimate  N,  P,  and  S  uptake  by  these  species. 

4.  Measure  mule  deer  use  of  bitterbrush  and  understory  species  in  response 
to  fertilization. 

APPROACH 

In  the  fall  of  1973,  eight  sites  were  selected  in  the  Entiat,  Swakane ,  and 
Oklahoma  gulch  areas  north  of  Wenatchee,  Washington.   These  eight  sites  served  as 
replications  for  the  fertilizer  study. 

Areas  of  the  study  sites  generally  drain  to  the  southeast  into  the  Columbia 
River  between  Chelan  and  Wenatchee,  Wash.   All  plots  are  situated  on  southerly 
facing  slopes.   Soils  in  all  three  areas  are  derived  primarily  from  granitic  parent 
material  and  are  generally  coarse  and  erosive  (McColley  1976).   Slopes  are  very 
steep,  with  relief  of  30  to  40  percent.   Bitterbrush  is  the  predominant  shrubby 
species.   Big  sagebrush  (Artemisia  tridentata  ssp.  tridentata)  and  serviceberry 
(Amelanchier  alnifolia  Nutt.)  are  the  principal  associated  shrubby  species. 
Prominent  half shrubs  are  snow  eriogonum  (Eriogonum  niveum  Dougl.),  Wyeth  buckwheat 
(E^.  heracleoides  Nutt.),  and  Phlox  (Phlox  sp.).   Arrowleaf  balsamroot  (Balsamorhiza 
sagittata  [Pursh]  Nutt.)  and  yarrow  (Achillea  millefolium  L.)  form  the  major 
portion  of  perennial  forb  cover.   Cheatgrass  (Bromus  tectorum  L.)  dominates  cover 
of  gramineous  plants,  but  bluebunch  wheatgrass  (Agropyron  spicatum  [Pursh]  Scribn. 
and  Smith)  and  western  needlegrass  (Stipa  occidentalis  Thurb.)  are  common. 

Two  different  techniques  were  used  to  assess  fertility  of  soils.   The  first 
involved  determination  of  the  concentrations  of  total  N  and  total  S  in  surface 
soils  prior  to  fertilization.   Total  P  was  not  measured  in  these  soils  because  of  a 
moratorium  in  effect  at  the  time  of  the  study  preventing  use  of  perchloric  acid 
digestions  at  the  Pacific  Northwest  Forest  and  Range  Experiment  Station. 
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Prior  to  fertilization  in  fall  1973,  total  N  (Bremner  and  Tabatabai  1972), 
total  organic  carbon,  pH  (Black  and  others  1965),  and  total  S  (Tiedemann  and 
Anderson  1971)  were  measured  in  soils  from  the  surface  2  inches  (5  cm)  of  areas 
beneath  bitterbrush  plants  and  an  adjacent  opening  at  each  of  the  eight  locations 
(replications).   Areas  under  shrubs  were  sampled  to  serve  as  reference  levels  of 
nutrient  constituents,  organic  carbon,  and  pH,  that  would  be  expected  for  this  site 
in  equilibrium  with  the  climate,  organisms,  relief,  and  soil  parent  materials.   The 
levels  of  nutrient  constituents,  organic  carbon,  and  pH  in  open  areas  were 
indicative  of  soil  fertility  and  soil  chemistry  throughout  the  study  area  and  were 
used  to  indicate  the  potential  for  success  of  fertilization.   A  "t"  test  was  used 
to  evaluate  differences  in  soil  characteristics  between  areas  under  shrubs  and  open 
areas. 

Availabilities  of  individual  macronutrients;  N,  P,  K,  and  S,  the  second 
parameter  of  fertility,  were  determined  for  surface  soils  of  the  study  sites  by  the 
bioassay  technique  of  Jenny  and  others  (1950).   Briefly,  this  greenhouse  pot  trial 
involves  successive  deletion  of  individual  nutrients  from  a  full  nutrient 
treatment.   Response  to  nutrient  deletion  is  determined  by  measuring  the  biomass 
yield  of  a  test  species  following  a  defined  period  of  growth.   Nutrient 
availability  is  expressed  as  the  relative  yield  (RY)  of  each  individual  nutrient. 
Relative  yield  is  the  ratio  of  biomass  yield  with  the  treatment  from  which  a 
nutrient  was  deleted  to  the  yield  with  the  full  nutrient  treatment.   For  example: 

_  yield  of  treatment  with  no  added  N 

^^^  -   X  100 

yield  with  full  nutrient  treatment 

Soils  were  collected  from  the  surface  2  inches  (5  cm)  between  bitterbrush 
plants  near  each  of  the  sites  for  the  fertilization  study.   These  collection  areas 
served  as  replications  for  the  pot  trial.   Replication  was  carried  through  to  the 
greenhouse.   Soils  were  air  dried  to  constant  weight  at  about  20°C  and  sieved 
through  a  4  mm  mesh  screen.   After  filling  pots  with  1200  g  of  soil,  the  following 
nutrient  treatments  were  applied: 

1.  Check  No  nutrients  added 

2  No  nitrogen  (N  )  N^  P    K        S 

3.  No  phosphorus  (P  )  N^^^  P^  K   S 

4.  No  potassium  (kJ  N^^^  P^^^  ^^  i 

5.  No  sulfur  _(S)  >0  ^00  >  ^0 

6.  Full  nutrient  treatment  N    ^inn   sn  =;n 

Subscript  refers  to  the  approximate  application  rates  in  kg/ha. 

'Jitrogen  was  added  as  ammonium  nitrate  (NH  NO  )  ,  P  as  sodium  mono-hydrogen 

phosphate  (Na  HPO, ) ,  K  as  potassium  chloride  ^KCl) ,  and  S  as  calcium  sulfate 

:CaS0,). 
4 

Ten  seeds  of  bitterbrush  were  planted  in  each  pot.   Following  establishment, 
lants  were  thinned  to  3  plants/pot.   Plants  were  grown  under  natural  light  in  a 
r,reenhouse  with  day  temperatures  at  about  27°C  (80°F)  and  night  temperatures  at 
bout  13°C  (55°F).   Distilled  water  was  added  as  the  soil  surface  dried.   At  the 
nd  of  22  weeks,  plants  were  harvested  and  oven  dried  at  60°C  to  constant  weight. 
.  one-way  analysis  of  variance  was  used  to  analyze  statistical  significance  of 
ifferences  among  treatments  for  absolute  yields  (Steele  and  Torrie  1960).   The 
uncan  multiple  range  test  was  used  to  separate  differences  among  means  of  absolute 
ields.   Relative  yields  were  calculated  but  not  tested  statistically  because  they 
re  determined  from  absolute  yields. 
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For  the  field  fertilizer  trial,  four  6.3  x  32.8  ft  (2  x  10  m)  plots  were 
stablished  at  each  of  the  eight  sites.   Half  the  plots  at  each  of  the  eight 
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locations  (replications)  were  fenced  and  covered  with  3.3  inch  (10  cm)  mesh  wire 
fence.   Half  the  plots  were  fertilized  with  three  consecutive,  yearly,  fall 
applications  (1973,  197A,  and  1975)  of  ammonium  nitrate  phosphate  sulfate 
(27-12-0-4)  at  67  lbs/acre  (75  kg/ha)  of  N.   Respective  yearly  application  rates 
for  P  and  S  were  29  and  10  lbs/acre  (33  and  11  kg/ha). 

Design  of  the  study  was  completely  random,  resulting  in  eight  replications  of 
the  following  sequence  of  treatments: 

1.  Unfertilized/not  covered 

2.  Unfertilized/covered 

3.  Fertilized/not  covered 

4.  Fertilized/covered 

Protection  of  half  of  the  plots  was  done  to  determine  growth  responses  of 
bitterbrush  and  understory  vegetation  and  response  of  bitterbrush  crude  protein  to 
fertilization  in  the  absence  of  mule  deer  use.   Comparison  of  fertilized/covered 
and  fertilized/not  covered  treatments  provided  an  estimate  of  the  attractant  effect 
of  fertilization  for  mule  deer. 

In  the  fall  of  each  year  (1973-1976),  cover  of  bitterbrush  and  associated 
shrubby  species  was  measured  on   a  2  x  32 . 8  f t  (0. 6  m  x  10  m)  permanent  belt 
transect  that  bisects  each  plot.   Cover  was  determined  as  a  vertical  projection  of 
foliar  vegetation  on  to  the  soil  surface  expressed  as  a  percentage  of  the  surface 
covered. 

At  the  same  time,  50  random  leaders  of  the  current  annual  growth  were  clipped 
from  bitterbrush  on  each  plot.   After  these  were  measured,  leaves  and  stems  were 
oven  dried  at  70° C,  separated,  and  ground  in  a  Wiley  mill  to  pass  a  60  mesh  screen. 
Samples  were  analyzed  for  total  N  (Bremner  and  Tabatabai  1972).   For  the  1974 
collection,  all  eight  replications  of  each  treatment  were  analyzed.   In  the 
following  2  years,  small  samples  from  each  replication  were  composited  by 
treatment.   Total  N  values  were  converted  to  crude  protein  using  a  conversion 
factor  of  6.25  (Cook  and  others  1962). 

Except  for  1973,  cover  and  biomass  of  herbaceous  understory  vegetation  were 
measured  in  the  spring.   In  1973,  these  measurements  were  made  prior  to 
fertilization  in  the  fall.   Biomass  of  herbaceous  species  was  determined  each  year 
by  clipping  2  ft  by  2  ft  (0.6  m  by  0.6  m)  quadrats  at  two  random  locations  within 
each  plot.   Different  locations  were  clipped  in  each  year. 

Differences  among  treatments  for  cover  of  bitterbrush,  other  shrubs,  and 
associated  herbaceous  species,  leader  length,  understory  biomass,  and  crude  protein 
(in  1974)  were  evaluated  by  analysis  of  variance  with  a  completely  randomized 
design  (Steele  and  Torrie  1960).   The  Duncan  multiple  range  test  was  used  to 
determine  significant  differences  among  individual  treatments.   The  principal 
hypothesis  was  that  fertilization  would  have  no  effect  on  cover,  leader  length, 
crude  protein  of  bitterbrush,  and  biomass  productivity  and  cover  of  understory 
vegetation. 

RESULTS  AND  DISCUSSION 

Comparisons  of  Soil  Characteristics 

Soil  reaction,  as  measured  by  pH  of  areas  beneath  shrubs,  was  more  basic 
(6.96)  than  open  areas  (6.66).   This  difference  was  highly  significant  (P  =  0.01). 
Romney  and  others  (1977)  also  found  a  tendency  for  higher  pH  in  areas  under  desert 
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shrubs  than  in  bare  areas,  but  Tiedemann  and  Klemmedson  (1973)  found  no  differences 
in  pH  of  the  surface  1.8  inches  (4.5  cm)  of  soil  between  areas  under  mesquite 
(Prosopis  juliflora  [Swartz]  DC)  and  adjacent  open  areas. 

Higher  levels  of  microbial  activity  and  the  resultant  CO  generation  would 
be  expected  to  reduce  pH  in  areas  beneath  shrubs  compared  to  open  areas.   It 
appears,  however,  that  cation  input  from  litter  through  leaching  and  decomposition 
may  be  sufficient  to  displace  H+  ions  through  mass  action  resulting  in  an  increase 
(or  no  change)  in  pH.   Leaching  of  plant  tissue  has  been  shown  to  remove  up  to  45 
percent  of  cations  such  as  calcium,  magnesium,  sodium,  and  potassium  (Tukey  and 
others  1958). 

Total  N  was  three  times  greater  in  soil  from  beneath  bitterbrush  shrubs  than 
in  open  soils  (0.12  percent  compared  to  0.04  percent).   Total  S  and  total  C 
differences  were  similar.   Total  S  under  shrubs  was  0.011  percent  compared  to  0.005 
percent  in  open  areas.   Total  C  was  more  than  twice  as  great  under  shrubs  than 
openings  (3.52  percent  compared  to  1.41  percent).   These  differences  are  highly 
significant  (P  =  0.01)  and  indicate  that  bitterbrush  functions  in  a  manner 
comparable  to  other  desert  shrubs  in  redistributing  nutrients  from  open  areas  to 
areas  beneath  shrubs.   Garcia-Moya  and  McKell  (1970)  and  Tiedemann  and  Klemmedson 
(1973)  observed  that  lateral  roots  of  Larrea  and  Prosopis  shrubs  (respectively) 
deplete  nutrients  of  surrounding  open  areas.   Through  deposition  of  leaves  and 
other  detritus  to  the  zone  beneath  the  canopy,  islands  of  fertility  are  created. 
Symbiotic  nitrogen  fixation  by  bitterbrush  (Wagle  and  Vlamis  1961)  may  also  play  a 
role  in  the  N-enrichment  patterns  observed  in  the  present  study.   However,  the  role 
of  these  fertile  islands  in  successional  development  of  shrub  communities  is  at 
present  not  known. 

In  the  case  of  bitterbrush  in  the  present  study,  the  N  and  S  levels  observed 
in  openings  are  insufficient  for  adequate  growth  and  development  of  many  higher 
plant  species.   Even  the  levels  of  N  and  S  under  bitterbrush  shrubs  would  be 
considered  marginal  for  this  climatic  zone  (Jenny  1930,  1941)  and  are  at  the  lower 
end  of  concentrations  observed  in  wildland  soils  in  eastern  Oregon  and  Washington 
(Geist  and  Strickler  1970;  Tiedemann  and  Berndt  1972;  Tiedemann  and  Klock  1977). 

Soil  Nutrient  Availability 

Yields  (g/pot)  of  biomass  in  the  nutrient  availability  trial  for  the  check 
treatment  (no  added  nutrients)  were  significantly  less  (P  =  0.05)  than  yields  of 
the  full  nutrient  treatment  (table  1).   Yields  of  treatments  from  which  N  and  S 
were  deleted  (N  ,  S  ),  but  with  P  and  K  added  to  each  were  the  same  as  the 
check  treatment  indicating  limited  availability  of  N  and  S  in  these  soils.   With 
addition  of  N  and  S  (P.  and  K.  treatments),  yields  were  increased  to  the  same 
level  as  the  full  nutrient  treatment.   Availabilities  of  P  and  K  were  apparently 
sufficient  since  deletion  of  these  caused  no  reductions  compared  to  the  full 
nutrient  treatment. 
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Table  1. — Response  of  biomass  yields  to  nutrient  treatments  in  the  greenhouse  pot 
trial. 

S7  Check  n7  P~^  Full  k7 

(NPK  added)     (No  nutrients   (PKS  added)    (NKS  added)  (NPKS  added)   (NFS  added) 

added) 


g/pot 

2.26  2.48  2.48        4.23  4.59         4.63 


Values  (g/pot)  with  the  same  underline  are  not  significantly  different  at 
F  =  0.05. 


Relative  yields  of  S,  N,  F,  and  K  were  49,  54,  92,  and  101  percent, 
respectively.   Jenny  and  others  (1950)  developed  a  relationship  of  relative  yields 
of  N  and  F  from  pot  trials  to  the  percent  of  field  tests  responding  to  added  N  and 
F  for  agriculture  settings  in  California.   For  N,  a  relative  yield  of  30  percent 
denoted  a  soil  low  in  N  which  would  likely  give  a  field  response  to  added  N. 
Relative  yields  of  N  above  50  percent  indicated  high  N  supplies  and  little  chance 
of  a  field  response  to  N  fertilization.   For  F,  the  relative  yield  for  a  fertilizer 
response  was  30  percent  or  less.   There  appears  to  be  no  comparable  information  for 
wildland  settings.   Comparison  of  RY  values  of  N  established  by  Jenny  and  others 
(1950)  suggest  little  chance  for  a  response  of  bitterbrush  and  associated  species 
to  fertilization  (they  did  not  develop  RY  values  for  S) .   However,  considering  the 
extremely  low  levels  of  N  and  S  in  surface  soils  and  the  RY  levels  of  N  and  S  in 
the  50  percent  range,  there  is  a  strong  potential  for  a  response  in  the  field 
setting  to  added  N  and  S. 

The  very  high  relative  yields  of  F  and  K  indicate  little  possibility  for  a 
fertilizer  response  to  addition  of  these  elements. 

Bitterbrush  Responses  to  Fertilization 

Since  the  response  of  bitterbrush  to  fertilization  is  the  central  focus  of 

this  paper,  the  data  for  associated  shrub  species  is  not  presented.   These 

generally  made  up  less  than  10  percent  of  the  total  shrub  cover  and  were  too 

variable  for  a  valid  statistical  analysis  of  their  response. 

There  were  no  significant  differences  among  treatments  for  bitterbrush 
vegetative  cover  in  any  year.   Cover  varied  widely  from  a  low  of  about  16  percent 
in  1973  (average  of  treatments)  to  a  high  of  32  percent  in  1974  and  1976  (fig.  1). 
Fluctuations  in  cover  were  a  reflection  of  the  August  through  February 
precipitation. 

The  current  annual  leader  growth  (average  among  treatments)  also  varied  widely 
from  3.5  to  7.3  inches  (9.0  cm  to  18.6  cm)  (table  2).   As  with  cover,  leader  growth 
was  responsive  to  August  through  February  precipitation  (fig.  1).   This  period's 
precipitation  in  1973  was  4.8  inches  (12.1  cm)  and  leader  length  (average  of 
treatments)  was  3.6  inches  (9.2  cm).   In  1974,  leader  length  more  than  doubled  to 
7.3  inches  (18.6  cm)  in  response  to  a  precipitation  increase  to  10.4  inches  (26.3 
cm).   The  relationship  to  precipitation  trends  for  bitterbrush  cover  and  current 
leader  growth  may  prove  to  be  a  useful  tool  in  the  future  for  predicting  forage 
productivity  in  bitterbrush  habitats  where  most  of  the  precipitation  occurs  in  the 
winter.   Kindschy  (1982)  has  shown  a  positive  relationship  between  bitterbrush 
productivity  and  the  current  crop  year  precipitation  (September  1  to  June  30). 
Bitterbrush  leader  production  (inches)  =  0.593  x  -1.67  (r=.622). 
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Figure  1. — Relationship  of 
bitterbrush  cover  to  August- 
February  precipitation. 


Table  2. — Length  of  50  random  bitterbrush  leaders  following  fertilization  and 
.  protection  treatments, 


Unfertilized 
not  covered 


Unfertilized 
covered 


Fertilized 
not  covered 


Fertilized 
covered 


Mean 


F-test 


cm 


Prefertilization 


1973 


9.0 


8.9 


9.3 


9.5 


9.2 


NS 


Post fertilization 


11974" 

19.6 

Il975 

10.1 

|l976 

9.1 

4r 


19.8 
8.7 
8.9 


5.8" 

19.4° 

18.6 

* 

8.5 

8.8 

9.0 

NS 

9.1 

9.8 

9.2 

NS 

^Inches  =  cm  divided  by  2.54 

Values  with  differing  superscript  letters  are  significantly  different  at  P=0.05 

according  to  the  Duncan  multiple  range  test. 
*Significant  at  P=0.05. 
NS  =  not  significant 
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In  1974  there  was  a  significant  difference  in  length  of  leaders  among  treatments 
(table  2).   The  Duncan  multiple  range  test  revealed  that  average  leader  length  of  the 
fertilized/not  covered  treatment  was  significantly  lower  than  the  other  treatments. 
In  1975  and  1976,  there  were  no  significant  differences  in  leader  length  among 
treatments. 

Current  annual  leader  growth  was  measured  in  the  fall  to  assess  the  growth 
response  to  fertilization;  differences  in  leader  length  among  treatments  probably 
represent  spring  and  summer  use  by  mule  deer.   Shorter  leader  lengths  on  the 
fertilized/not  covered  plot  are  indicative  of  an  attractant  effect  of  fertilization 
similar  to  that  observed  by  Bayoumi  and  Smith  (1976)  and  reported  in  a  summary  paper 
by  Duvall  (1970) .   Greater  use  of  the  current  annual  leader  growth  on  the 
fertilized/not  covered  plot  in  1974  is  probably  also  related  to  the  "nutritional 
wisdom"  of  the  animals,  whereby  they  select  forage  that  best  provides  for  their 
physiological  needs  (Ivins  1952).   It  is  not  known  why  this  apparent  attractant 
effect  of  fertilization  did  not  occur  in  1975  and  1976.   Perhaps  in  1974,  mule  deer 
were  confined  to  this  part  of  their  range  for  a  protracted  period  into  summer  because 
of  excessive  snow  depths  at  higher  elevations.   Snowfall  in  1974  was  more  than  twice 
as  great  as  in  1975  and  about  40  percent  greater  than  1976.   The  more  open  winters  of 

1975  and  1976  may  have  permitted  earlier  access  to  higher  elevations  so  that  spring 
and  summer  use  of  bitterbrush  was  less  than  in  1974. 

Analysis  of  crude  protein  in  leaves  and  stems  of  bitterbrush  did  not  reveal  any 
striking  responses  to  treatments  (table  3).   For  leaves,  however,  there  was  a  strong 
variation  among  years  ranging  from  8.1  to  12.  9  percent  (average  of  treatments). 
Reasons  for  this  difference  are  not  known,  particularly  since  the  lowest  values 
occurred  after  three  applications  of  fertilizer.   Crude  protein  values  for  stems  in 

1976  are  also  notable.   Values  for  fertilized  plots  are  lower  than  those  for 
unfertilized  plots  in  1976.   The  reason  for  this  is  also  not  known. 

Table  3. — Percent  of  crude  protein  in  bitterbrush  leaves  and  stems  following  three 
annual  fall  applications  of  27-12-0-4  (NPKS)  fertilizer  at  247  Ib/acre/year  (278 
kg/ha/year) . 


Unfertilized 

Unfertilized 

Fertilized 

Fertilized 

not 

covered 

covered 

not 

covered 

covered 

Mean 

F-test 

ercent 

P 

Leaves: 

1974 

12.7 

10.8 

13.6 

11.9 

12.2 

NS 

1975 

14.5 

11.8 

12.6 

12.9 

12.9 

NT 

1976 

8.1 

7.2 

9.1 

7.9 

8.1 

NT 

Stems: 

1974 

6.5 

7.1 

6.3 

7.2 

6.7 

NS 

1975 

7.8 

7.5 

6.2 

7.6 

7.2 

NT 

1976 

7.1 

7.1 

4.6 

5.1 

5.9 

NT 

NS  =  Not  significant. 

NT  =  No  statistical  test. 

Herbaceous  Understory  Vegetation  Responses 

Response  of  herbaceous  understory  species  was  the  most  striking  effect  of 
fertilization  observed  in  this  study.   Cover  and  biomass  measurements  of  the 
herbaceous  understory  prior  to  fertilization  in  1973  were  not  significantly 
different  among  treatments  (tables  4  and  5) ,  indicating  that  the  replications 
selected  for  treatment  were  reasonably  uniform.   Vegetative  cover  was  more  uniform 
among  plots  than  biomass  prior  to  application  of  fertilizer  (table  4). 
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Table  4. — Response  of  herbaceous  understory  vegetation  cover  to  three  annual  fall 
applications  of  27-12-0-4  (NPKS)  fertilizer  at  247  Ib/acre/year  (278  kg/ha/year). 

Unfertilized   Unfertilized   Fertilized      Fertilized 

not  covered    covered        not  covered     covered      F-test 


1973, 

fall 

6 

9^ 
4^ 

7 

3 

percent 

cover-  -  -  - 
6.4 

8. 

5^, 
8^^ 

NS 

1974, 
1975, 
1976, 

spring 
spring 
spring 

17 
20 
14 

21 
24 
17 

.0^ 
gab 

18. 
41. 
30. 

I 

38 

53. 

39. 

**  =   Significant  at  P  =  0.01. 
NS  =  Not  significant 

Values  with  different  superscript  letters  are  significantly  different  at 

P  =  0.05. 

On  protected  plots  (fertilized/covered) ,  fertilization  increased  cover  and 
biomass  of  understory  vegetation,  1974-1976,  compared  to  both  unfertilized 
treatments.   In  1974  cover  of  the  fertilized/not  covered  treatment  was 
significantly  less  than  that  of  the  fertilized/covered  treatment.   The  same 
response  was  observed  for  biomass  in  1976  (table  5),  but  not  for  cover  (table  4). 
Reduced  cover  in  1974  and  reduced  biomass  in  1976  on  the  fertilized/not  covered 
compared  to  the  fertilized/covered  treatment  likely  resulted  from  increased  use  of 
the  fertilized  forage  similar  to  that  observed  for  bitterbrush  current  annual 
leader  growth. 

The  amounts  of  fertilizer  N,  P,  and  S  potentially  available  for  uptake  by 
bitterbrush  were  determined  by  subtracting  an  estimated  uptake  by  herbaceous 
understory  vegetation  from  the  amounts  of  each  element  applied.   The  differential 
herbage  production  between  unfertilized/covered  and  fertilized/covered  treatments 
(table  5)  was  used  as  the  basis  for  this  estimation.   Concentration  values  of  1.6 
percent  total  N  and  .26  percent  total  P  in  cheatgrass  and  bluebunch  wheatgrass 
forage  (Miller  1958)  were  used  to  convert  herbage  production  values  to  uptake 
values  for  N  and  P.   A  value  of  .13  percent  S  in  herbage  was  assigned  based  on  the 
normal  ratio  of  N:S  in  plant  material  of  12:1  (Allaway  and  Thompson  1966).   The 
total  production  differential  between  the  two  treatments,  1974-1976,  was  2,065 
lb/acre  (2,321  kg/ha) .   Resultant  uptakes  of  N,  P,  and  S  during  the  3  years  were 
33,  5,  and  3  lb/acre  (37,  6,  and  3  kg/ha),  respectively.   Thes^  amounts  are  a 
relatively  minor  part  of  the  total  of  200,  88,  and  29  lb/acre  (225,  99,  and  33 
kg/ha)  of  N,  P,  and  S  applied.   Therefore,  most  of  the  applied  nutrients  should 
have  been  available  for  uptake  by  bitterbrush. 

Table  5. — Biomass  of  herbaceous  understory  vegetation  in  response  to  three  annual 
fall  applications  of  27-12-0-4  (NPKS)  fertilizer  at  247  Ib/acre/year  (278 
kg/ha/year)  of  N. 


Unfertilized 
not  covered 

Unfertilized 
covered 

Fertilized 
not  covered 

Fertilized 
covered 

F-Test 

1  /u 

(^06)^ 

(1460)"^ 

(1549r 

(968)^ 

(206)^ 
(1636)^ 
(1781)^ 
(1642)^ 

1973 
1974 

1975 
1976 

(477)^2 

(686)^ 
(709)^ 
(888)^ 

Kg/na 

(827)^^ 

(839)^ 

(1005)^ 

NS 

■k-k 
* 

+ 

NS  =  not  significant  *  =  significant  at  P  =  0.05. 

**  =  significant  at  P  =  0.01.  +  =  significant  at  P  =  0.10 
^lb/acre  =  kg/ha  X  0.89 

Values  with  different  superscript  letters  are  significantly  different  at  P  =  0.05. 
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CONCLUSIONS 

Results  indicate  that  fertilization  of  bitterbrush  habitats  in  the  areas  tested 
would  not  be  effective  for  promoting  growth  or  crude  protein  of  the  bitterbrush. 
These  results  contrast  with  the  work  of  Leman  and  Pittack  (see  footnote  5)  and  with 
results  of  the  study  by  Bayoumi  and  Smith  (1976).   Both  of  those  studies  showed  that 
N  was  effective  in  promoting  growth  and  increasing  crude  protein  contents  of 
bitterbrush.   However,  the  lack  of  fertilizer  response  of  bitterbrush  was  the  same  as 
observed  by  Klemmedson  and  Ferguson  (1969).   In  their  study,  bitterbrush  grown  in 
surface  soil  derived  from  granitic  parent  material  either  did  not  respond  or 
displayed  reduced  productivity  to  added  N  when  P,  K,  and  S  were  also  added.   They 
concluded  that  bitterbrush  may  not  have  a  high  demand  for  N  or  that  it  may  be  a  true 
pioneering  species  from  this  standpoint.   A  later  study  (Klemmedson  and  Ferguson 
1973)  demonstrated  a  positive  response  of  bitterbrush  in  granitic  soils  to  additions 
of  sulfur.   Wagle  and  Vlamis  (1961)  found  that  bitterbrush  responses  to  the  pot  trial 
technique  of  Jenny  and  others  (1950)  varied  depending  on  the  type  of  soil.   In  a 
basalt-derived  soil,  P  was  deficient  for  bitterbrush,  but  N  was  adequate.   In  a 
pumice  soil  the  response  was  reversed.   They  related  the  differential  N  response  to 
the  presence  of  nitrogen  fixing  nodules.   Plants  grown  in  the  pumice  soil  in  which  N 
was  limiting  for  bitterbrush  growth  produced  no  root  nodules. 

The  stands  chosen  for  this  study  are  representative  of  much  of  the  bitterbrush 
habitat  in  the  mid-Columbia  region.   The  majority  of  shrubs  would  be  categorized  as 
mature  or  decadent.   Leman  and  Pittack  studied  fertilization  of  shrubs  in  this  class, 
but  added  a  pruning  treatment  that  was  probably  responsible  for  most  of  the  growth 
response  they  observed.   Work  by  Ferguson  and  Basile  (1966)  tends  to  support  this 
conclusion.   They  observed  that  topping  of  old  bitterbrush  shrubs  increased  twig 
production  by  9  times.  On  mature  form  class  1  and  2  shrubs  Leman  and  Pittack  obtained 
a  marked  growth  response  to  fertilization.   Bayoumi  and  Smith  (1976)  were  not 
specific  about  the  age  and  form  class  of  shrubs  they  studied,  but  it  appears  from  a 
photograph  that  these  were  mature  class  shrubs.   In  the  present  study,  lack  of  growth 
and  crude  protein  response  of  bitterbrush  appears  to  be  related  to  the  decadent 
nature  of  the  plants.   Plant  senescence  involves  changes  in  meristematic  activity  and 
mobilization  of  nutrients  and  substrates  (Leopold  and  Kriedemann  1975).   In  the  case 
of  decadent,  over-mature  bitterbrush,  age  probably  affects  the  ability  of  shrubs  to 
generate  new  roots,  thereby  limiting  their  capability  to  use  fertilizer  elements. 
Since  herbaceous  understory  utilized  only  a  small  portion  of  the  fertilizer, 
sufficient  added  N,  P,  and  S  probably  were  available  for  shrub  uptake. 

Another  possibility  is  that  low  levels  of  S  in  these  soils  limits  the 
development  of  bitterbrush  roots  throughout  the  life  of  the  plants — a  condition  that 
may  accelerate  the  senescence  process  and  lead  to  decadence.   Wagle  and  Vlamis  (1961) 
found  that  S  deficiencies  limited  root  development  of  bitterbrush  in  pumice  soils. 
Additions  of  S  at  a  late  stage  in  the  life  of  the  plants  may  not  be  effective  in 
overcoming  effects  of  long-term  S  deficiencies  on  root  development. 

Even  though  fertilization  did  not  improve  bitterbrush  production  in  this  study, 
there  are  two  aspects  of  the  results  that  deserve  emphasis.   The  attractant  effect  of 
fertilization,  as  indicated  by  increased  use  of  the  fertilized/not  covered  plot,  may 
be  a  potentially  valuable  aid  to  the  land  manager  in  controlling  wildlife  movement 
and  utilization  patterns.   Additional  research  must  be  conducted  to  verify  this 
response  over  several  years  involving  more  extensive  areas.  | 

Increases  in  cover  and  biomass  of  understory  vegetation  with  fertilization  have 
important  implications  for  erosion  reduction  and  restoration  of  land  stability. 
Fertilization  at  the  rates  in  this  study  approximately  doubled  the  protective 
vegetative  cover  afforded  the  soil  surface.   In  areas  with  active  erosion,  such  as 
those  in  the  present  study,  fertilization  appears  to  be  an  effective  means  of 
improving  surface  protection. 
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The  relationships  established  in  this  study  among  bitterbrush,  cover,  leader 
length,  and  precipitation  need  to  be  studied  in  terms  of  actual  productivity  values 
in  pounds  per  acre  (kg/ha)  to  be  of  maximum  use  to  the  land  manager  for  predicting 
amounts  of  forage  that  are  potentially  available  for  wintering  mule  deer. 

ACKNOWLEDGMENTS 

The  author  wishes  to  thank  Ralph  Holtby,  former  wildlife  biologist,  and  Joseph 
Gjertson,  retired  range  and  wildlife  staff  officer,  Wenatchee  National  Forest,  for 
their  assistance  in  establishment  and  conduct  of  this  study.   Thanks  are  also  due  the 
Wenatchee  Sportsmen's  Association  for  assistance  in  the  construction  of  exclosures  on 
the  plots,  and  to  the  Washington  Department  of  Game  for  providing  materials  for  the 
exclosure. 

PUBLICATIONS 

Allaway,  W.  H. ;  Thompson,  J.  F.  Sulfur  in  the  nutrition  of  plants  and  animals.  Soil 
Sci.  101(A):240-2A7.  1966. 

Bayoumi,  Mohamed  A.;  Smith,  Arthur  D.  Response  of  big  game  winter  range  vegetation  to 
fertilization.  J.  Range  Manage.  29:44-48.  1976. 

Black,  C.  A.;  Evans,  D.  D.;  White,  J.  L.;  and  others.  Methods  of  soils  analysis. 

Part  I.  Agronomy  No.  9.  Madison,  WI :  American  Society  of  Agronomy  and  American 
Society  of  Testing  Materials;  1965.  802  p. 

Bremner,  J.  M. ;  Tabatabai,  M.  A.  Use  of  ammonia  electrode  for  determination  of 

ammonium  in  Kjeldahl  analysis  of  soil.  Commun.  in  Soil  Sci.  and  Plant  Analysis 
3:159-165.  1972. 

Burrell,  Galen.  Winter  diets  of  mule  deer  in  relation  to  bitterbrush  abundance.  J. 
Range  Manage.  35:508-510.  1982. 

Cook,  C.  W. ;  Biswell,  H.  H.;  Clark,  R.  T.;  and  others.  Basic  problems  and  techniques 
in  range  research.  Publ.  No.  890.  Washington,  DC:  National  Academy  of  Sciences, 
Natural  Research  Council.  1962;   341  p. 

Daubenmire,  R.  Steppe  vegetation  of  Washington.  Tech.  Bull.  62.   Pullman,  WA: 
Washington  Agriculture  Experiment  Station.  1970;  131  p. 

Duvall,  V.  L.  Manipulation  of  forage  quality,  objectives,  procedures,  and  economic 

considerations.  In:  a  research  symposium.  Misc.  Publ.  1147.  Washington,  DC:  U.S. 
Department  of  Agriculture,  Forest  Service;  1970;  p.  19-31. 

Ferguson,  R.  B.;  Basile,  Joseph  V.  Topping  stimulates  bitterbrush  twig  growth.  J. 
Wildlife  Manage.  30:839-841.  1966, 

Franklin,  J.  F.;  Dyrness,  C.  T.  Natural  vegetation  of  Oregon  and  Washington.  Gen. 

Tech.  Rep.  PNW-8.  U.S.  Department  of  Agriculture,  Forest  Service.  Portland,  OR: 
Pacific  Northwest  Forest  and  Range  Experiment  Station.  1973. 

Garcia-Moya,  E. ;  McKell,  C.  M.  Contribution  of  shrubs  to  the  nitrogen  economy  of  a 
desert-wash  plant  community.  Ecology  51:81-88.  1970. 

Geist,  J.  M. ;  Strickler,  G.  S.  Chemical  characteristics  of  some  forest  and  grassland 
soils.  I.  Results  from  reference  profile  sampling  on  the  Starkey  Experimental 
Forest  and  Range.  Res.  Note  PNW-137.  U.S.  Department  of  Agriculture,  Forest 
Service.  Portland,  OR:  Pacific  Northwest  Forest  and  Range  Experiment  Station. 
1970. 

251 


Hitchcock,  E.  L.;  Cronquist,  A.  Flora  of  the  Pacific  Northwest.  University  of 
Washington  Press;  1973.  730  p. 

Ivins,  J.  D.  The  relative  palatability  of  herbage  plants.  J.  Brit.  Grassland  Soc. 

7:43-54.  1952. 

Jenny,  H.  A  study  on  the  influences  of  climate  upon  the  nitrogen  and  organic  matter 
content  of  the  soil.  Res.  Bull.  152.  Missouri  Agriculture  Experiment  Station; 
1930.  66  p. 

Jenny,  H.  Factors  of  soil  formation.  New  York:  McGraw-Hill  Book;  1941.  281  p. 

Jenny,  H. ;  Vlamis,  J.;  Martin,  W.  E.  Greenhouse  assay  of  fertility  of  California 
soils.  Hilgardia  20:1-8.  1950. 

Kindschy,  R.  R.  Effects  of  precipitation  variance  on  annual  growth  of  14  species  of 
browse  shrubs  in  southeastern  Oregon.  J.  Range  Manage.  35:265-266.  1982. 

Klemmedson,  J.  0.;  Smith,  J.  G.  Cheatgrass  (Bromus  tectorum  L.)  Bot.  Rev.  2:226-262. 
1964. 

Klemmedson,  J.  0.;  Ferguson,  R.  B.  Response  of  bitterbrush  seedlings  to  nitrogen  and 
moisture  on  a  granitic  soil.  Soil  Sci.  Soc.  Amer.  Proc.  33:962-966.  1969. 

Klemmedson,  J.  0.;  Ferguson,  R.  B.  Effect  of  sulfur  deficiency  on  yield  and  nitrogen 
content  in  bitterbrush  (Purshia  tridentata)  seedlings  on  granitic  soils.  Soil 
Sci.  Soc.  Amer.  37:947-951.  1973. 

Klock,  G.  0.;  Geist,  J.  M. ;  Tiedemann,  A.  R.  Erosion  control  fertilization — from  pot 
study  to  field  testing.  Sulphur  Inst.  J.  7:7-10.  1971. 

Klock,  G.  0.;  Geist,  J.  M. ;  Tiedemann,  A.  R.  Response  of  orchardgrass  to  sulphur  in 
sulphur-coated  urea.  Sulphur  Inst.  J.  11:4-8.  1975. 

Leopold,  A.  Carl;  Kriedemann,  Paul  E.  Plant  growth  and  development.  New  York:  McGraw 
Hill  Book;  1975.  545  p. 

McColley,  Phillip  D.  Soil  resource  inventory,  Wenatchee  National  Forest.  U.S. 

Department  of  Agriculture,  Forest  Service.   Wenatchee,  WA:   Pacific  Northwest 
Region,  Wenatchee  National  Forest;  1976.  276  p. 

Miller,  Donald  F.  Composition  of  cereal  grains  and  forages.  Publ.  585.  Washington, 
DC:  National  Academy  of  Sciences,  National  Research  Council;  1958.  663  p. 

Patton,  D.  R. ;  Hall,  J.  M.  Evaluating  key  areas  by  browse  age  and  form  class.  J. 
Wildlife  Manage.  30:476-480.  1966. 

Romney,  E.  M. ;  Wallace,  A.;  Kaaz ,  H. ;  and  others.  Effect  of  shrubs  on  redistribution 
of  mineral  nutrients  in  zones  near  roots  in  the  Mojave  desert.  In:  the 
belowground  ecosystem:  a  synthesis  of  plant-associated  process.  Science  Series 
26.  Marshall,  J.  L.  (ed.).  Fort  Collins,  CO:  Colorado  St.  Univ.,  Range  Science 
Department.  1977:303-310. 

Steele,  R.  G.  D.;  Torrie,  J.  H.  Principles  and  procedures  of  statistics.  New  York: 
McGraw-Hill  Book,  1960.  481  p. 

Tiedemann,  A.  R.  Soil  properties  and  nutrient  availability  in  tarweed  communities  of 
central  Washington.  J.  Range  Manage.  25:438-443.  1972. 

252 


M 


Tiedemann,  A.  R. ;  Anderson,  T.  D.  Rapid  analysis  of  total  sulphur  in  soils  and  plant 
material.  Plant  and  Soil  35:197-200.  1971. 

Tiedemann,  A.  R. ;  Berndt,  H.  W.  Vegetation  and  soils  of  a  30-year  deer  and  elk 
exclosure  in  central  Washington.  Northwest  Science  46:59-66.  1972. 

Tiedemann,  A.  R. ;  Klemmedson,  J.  0.  Effect  of  mesquite  on  physical  and  chemical 
properties  of  the  soil.  J.  Range  Manage.  26:27-29.  1973. 

Tiedemann,  A.  R. ;  Klock,  G.  0.  Meeks  Table  Research  Natural  Area — reference  sampling 
and  habitat  classification.  Res.  Pa.  PNW-223.  U.S.  Department  of  Agriculture, 
Forest  Service.  Portland,  OR:  Pacific  Northwest  Forest  and  Range  Experiment 
Station;  1977,  19  p. 

Tukey,  H.  B.,  jr.;  Tukey ,  H.  B.;  Wittmer,  S.  H.  Loss  of  nutrients  by  foliar  leaching 
as  determined  by  radioisotopes.  Proc.  Am.  Soc.  Hortic.  Sci.  71:496-506;  1958. 

Wagle,  R.  F.;  Vlamis,  J.  Nutrient  deficiences  in  two  bitterbrush  soils.  Ecology 
42:745-752.  1961. 


253 


254 


Section  7.  Fire  Relationships 
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A  LITERATURE  REVIEW  OF  THE  FIRE  RELATIONSHIPS  OF  ANTELOPE  BITTERBRUSH^ 

2 
Carol  L.  Rice 


ABSTRACT 
The  relationship  of  Purshia  tridentata  to  fire  is 
discussed  through  a  review  of  the  literature.   The  plant 
associations  in  which  the  species  occurs  and  the  fire 
frequencies  of  those  associations  are  described.   A 
presentation  of  the  plant's  adaptations  to  fire  and 
factors  affecting  the  response  to  fire  follow.   The 
management  implications  of  these  relationships  are 
presented,  including  the  possibility  that  prescribed 
fire  may  be  used  to  enhance  the  management  of  this 
species. 


PAST  ROLE  OF  FIRE 

Antelope  bitterbrush  occurs  in  a  variety  of  plant  associations.   From  the 
literature,  these  can  be  categorized  into  three  zones:  the  ponderosa  pine  (Pinus 
ponderosa  Dougl.),  the  steppe  vegetation   (sagebrush-grass  [Artemisia  L.]),  and  the 
juniper  ( Juniperus  L.).  Past  fire  frequencies  can  indicate  how  much  fire  the  vegetativ 
community  can  tolerate  without  being  replaced,  and  what  role  fire  might  play  in  the 
ecology  of  bitterbrush. 

Ponderosa  Pine  Zone 

The  past  role  of  fire  in  the  ponderosa  pine  zone  has  been  well  documented. 
According  to   Weaver  (1957),  early  observers  reported  that  while  various  shrub  species 
were  present  in  the  pine  forests  in  the  1880' s  and  1890' s,  they  were  never  developed  t 
the  present  size  and  density  because  of  frequent  and  recurrent  fires.   He  found  the   I 
average  interval  between  fires  was  11  to  47  years.   Arno  (1976)  reported  the  mean  fire 
interval  varying  from  4  to  11  years  in  the  climax  ponderosa  pine  forests  of  the 
Bitterroot  National  Forest  in  Montana.   Driver  and  others  (1980)  thought  the  mean  firt 
interval  of  ponderosa  pine  stands  was  7  to  10  years  in  Washington.   In  contrast,  Wrigl 
(1978)  stated  that  the  ponderosa  pine-bitterbrush  communities  in  west-central  North 
America  burned  every  50  years  or  so.   This  hypothesis  is  based  on  his  observations  anc 
current  knowledge  of  the  susceptibility  of  bitterbrush  to  fire. 

Johnson  and  Smothers  (1976)  studied  the  fire  history  and  ecology  at  the  Lava  Bed; 
National  Monument  and  reported  that  "early  travelers  to  southern  Oregon  and  northern 
California  remarked  on  the  parklike  appearance  of  ponderosa  pine  in  this  region." 
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Today  the  forest  is  filled  with  an  understory  of  mountain  mahogany  (Cercocarpus  H.B.K. 
sp . )  and  bitterbrush.   Although  these  were  components  of  the  original  communities, 
frequent  fires  kept  densities  at  a  low  level.   They  found  the  mean  fire  interval  of  the 
pine  forest  was  quite  frequent — a  fire  almost  every  6  years. 

Steppe  Vegetation  Zone 

Franklin  and  Dyrness  (1973)  stated  that  fire  and  ungulate  grazing  in  the  steppe 
vegetation  zone  were  apparently  of  limited  importance  in  the  Northwest  before  Europeans 
and  their  livestock  arrived  in  the  mid-1800' s.   Daubenmire  (1970)  (in  Franklin  and 
Dyrness   1973)  says:  "There  is  no  evidence  that  the  distribution  of  vegetation  types  or 
species  in  eastern  Washington  is  related  to  the  past  use  of  fire."   Wright  and  others 
(1979)  noted  that  fire  covered  a  large  portion  of  the  sagebrush-grass  community  in 
Yellowstone  every  lA  to  47  years;  but,  based  on  the  vigorous  response  of  horsebrush 
(Tetradymia  canescens  DC)  to  fire  and  the  30  years  needed  for  it  to  decline,  the 
probable  frequency  of  fire  would  be  about  50  years.   They  reasoned  that  if  fires 
occurred  every  20  to  25  years,  many  sagebrush-grass  communities  would  have  been 
dominated  by  horsebrush  and  rabbitbrush  (Chrysothamnus  Nutt.  sp). 

Juniper  Zone 

Wright  and  others  (1979)  reported  that  fire  occurred  every  10  to  30  years  in  the 
pinyon-(Pinus  edulis  Dougl.)  juniper  communities,  and  that  fire  kept  junipers 
restricted  to  shallow,  rocky  soils  and  rough  terrain.   They  remind  us  that  the  historic 
role  of  fire  cannot  be  separated  from  the  effects  of  drought  and  competition  as  the 
three  play  complementary  roles  in  the  distribution  of  vegetation. 

Driscoll  (1964)  reported  on  a  stand  of  bitterbrush  in  the  juniper  zone  of  central 
Oregon  that  had  not  been  disturbed  by  man.   Bitterbrush  had  a  9  percent  shrub  cover  in 
the  natural  area,  which  constituted  40  percent  cover  of  all  perennial  plants  and  94 
percent  of  the  shrub  cover.   The  plants  were  widely  spaced  (350/acre  or  865/ha) , 
restricted  by  soil  types,  averaged  5  ft  (1.5  m)  in  height,  and  contained  wide  crowns. 
Driscoll  also  stated  that  wildfire  appeared  to  have  been  a  major  factor  in  determining 
tree  survival  and  distribution  in  the  juniper-bitterbrush-Agropyron  (Gaertn) 
association. 

Young  and  Evans  (1981)  studied  juniper-sagebrush  stands  in  Lassen  County,  Calif., 
and  reported  that  the  most  vigorous  bitterbrush  stands  appeared  to  occur  in  old  burns 
where  juniper  was  reduced  or  eliminated. 

In  summary,  the  role  of  fire  in  habitats  where  bitterbrush  is  a  component  varies 
with  vegetation  zones.   Fire  occurring  every  6  years  or  50  years  depending  on  the 
location,  was  important  in  the  ponderosa  pine  zone.   Fire  does  not  appear  to  have  been 

;as  frequent  in  the  steppe  vegetation  zone,  which  has  a  mean  fire  interval  as  long  as  50 
years.   Fire  seems  to  have  played  a  major  role  in  the  juniper  zone,  restricting 

|distribution  of  tree  species  and  other  vegetation,  and  enhancing  density  of 
bitterbrush. 


BITTERBRUSH  AS  A  FUEL 

The  role  of  fire  in  a  community  is  strongly  influenced  by  its  effects,  which  in 
^  turn  is  influenced  by  the  fire  behavior.   Fuel  is  one  manageable  factor  of  those  agents 
that  determine  fire  behavior.   Fuel  characteristics  may  indicate  season  of  fire,  range 
3f  potential,  fire  intensity,  and  range  of  the  rate  of  spread.   Because  any  plant  is  a 
fuel,  it  is  worthwhile  to  investigate  bitterbrush  as  a  fuel. 
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Some  of  the  important  characteristics  concerning  bitterbrush  as  a  fuel  are: 

1.  Available  fuel  loading  (what  is  on  the  ground  to  burn). 

2.  The  arrangement  of  fuel  (horizontal  and  vertical  continuity). 

3.  Distribution  of  diameter  size  classes  of  the  available  fuel  loading. 

4.  Moisture  content  of  the  fuel. 

5.  Heat  and  ash  content  of  the  fuel  (whether  any  volatile  oils  exist  in  high 
levels  that  might  affect  the  fire  behavior). 

The  fuel  loading  where  bitterbrush  occurs  is  generally  light.    Ponderosa  pine 
forest  communities  where  bitterbrush  occurs  probably  have  the  heaviest  loading  because 
the  pine  produces  much  litter  and  contributes  heavy  fuels  of  larger  diameters. 
However,  Johnson  and  Smothers  (1976)  report  that  shrubs   under  ponderosa  pine  have  the 
potential  to  greatly  increase  the  available  fuel  loading.   This,  in  turn,  increases  th, 
likelihood  of  a  conflagration  that  could  destroy  the  entire  community.   In  both  the 
sagebrush-bitterbrush  and  juniper-bitterbrush  communities,  fuel  loading  is  often  so 
light  that  it  will  not  carry  a  fire  except  under  extreme  fire  weather  conditions. 
Martin  (1978)  reported  that  fuels  ranged  from  1.4  to  4.3  tons/acre  (3  137-9  633  kg/ha)| 
(very  light)  in  juniper  associations  and  that  the  fuels  were  mostly  the  bunchgrasses , 
sagebrush,  and  bitterbrush.   Meuggler  and  Stewart  (1981)  studied  forage  production 
(fuel  production)  of  bitterbrush  and  found  that  average  yearly  production  of  the  shrubl 
component  of  the  bitterbrush-Fescue  scabrella  (Torr.)  habitat  type  (mainly  bitterbrush! 
was  670  lb/acre  (123  kg/ha).   This  was  a  yearly  gross  production  of  fuels;  there  is  nc| 
estimate  of  the  proportion  decomposed  and  eaten  yearly.   Bitterbrush  itself  does  not 
produce  much  fuel. 

The  arrangement  of  fuels  varies  in  bitterbrush  in  a  number  of  ways.   The  fuel 
arrangement  of  the  decumbent  ecotype  of  bitterbrush  is  different  from  the  columnar 
ecotypes.   The  low,  spreading  form  would  be  more  accessible  to  the  flames.   In 
addition,  the  fuel  arrangements  differ  in  plant  crowns.   The  crown  may  be  dense  and 
compact  if  heavily  grazed  or  browsed,  or  may  be  wide  and  open  otherwise.   Martin  and 
Dell  (1978)  mentioned  an  example  of  how  the  arrangement  of  fuels  affects  fire  behavioi 
in  Planning  for  Prescribed  Burning  in  the  Northwest:  "The  needle  drape  in  the 
bitterbrush  will  cause  each  plant  to  flare  up;  burners  should  be  cautioned  about  this' 
Horizontally,  the  arrangement  of  fuel  generated  from  bitterbrush  is  clumped,  which  is 
not  conducive  to  fire  spread,  unless  there  are  interspersed  fuels  such  as  grass,  pine 
needles,  or  dense  sagebrush.  ! 

i 

The  preponderance  of  dead  fuel  in  bitterbrush  itself  is  usually  under  1/2  inch 
(1.2  cm)  in  diameter.   The  size,  1/4  inch  (0.6  cm)  or  less,  is  considered  "1-hour"    i 
fuel  —  that  is,  the  fuel  reaches  equilibrium  with  the  atmosphere  in  1  hour.   In  area' 
where  a  high  dead-to-live  ratio  in  bitterbrush  plants  exists,  dead  fuels  can  influenc 
fire  behavior  to  respond  quickly  to  weather  changes.   However,  because  most  are  live 
fuels,  the  moisture  in  the  plants  would  affect  fire  behavior  to  a  greater  extent.   Lia 
fuel  moisture  is  typically  highest  during  the  spring  and  declines  regularly  until 
several  inches  of  rainfall  initiate  an  upward  trend  (Green  1981). 


i 


Nord  and  Countryman  (1972)  measured  the  moisture  and  ash  content  of  nine  shrub 
species  in  May  1971.  They  found   the  moisture  content  in  bitterbrush  foliage  and  sterr 
to  average  147  and  131  percent,  respectively.   Ash  content  is  on  the  low  side,  but 
normal,  at  3.8  percent  of  the  foliage  and  stems.   A  high  ash  content  tends  to  make  tb 
plant  material  less  flammable. 

Philpot  (1969)  found  that  the  heat  content  of  bitterbrush  is  average;  thus,  one 
would  not  expect  explosive  fires  such  as  occur  in  chamise,  which  has  a  high  ether 
extract  content.   As  with  other  plants,  the  heat  content  of  bitterbrush  fluctuates  wih 
the  season,  but,  unlike  many  other  plants,  it  decreases  in  summer.   The  heat  content  n 
spring  averages  5,040  calories/gram,  lowers  to  4,600  calories/gram  in  summer,  then 
rises  to  5,010  calories/gram  in  the  fall.   Heat  content  changes  the  f lammability , 
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intensity,  and  rate  of  spread  in  fire.  However,  other  factors  are  more  important  than 
heat  content  in  determining  fire  behavior  characteristics. 

Adams  (1980)  reported  that  the  fire  behavior  of  prescribed  burns  on  the  Fort  Rock 
Ranger  District  in  Oregon  in  April  and  September  was  a  function  of  the  continuity  of 
the  fuel  bed  and  the  age  and  condition  of  shrubs — the  younger  stands  (which  tend  to  be 
discontinuous)  did  not  support  fire.   Older  stands  (40  years  plus)  of  the 
sagebrush-bitterbrush-bunchgrass  plant  community  had  consistent  characteristics:  flame 
length  was  5  to  15  ft  (1.5  to  4.6  m) ,  intensity  was  18-2,000  BTU/ft 
(kilocalories/meter-sec) ,  and  the  rate  of  spread  was  660  to  1320  ft/hr  (201  to  402 
m/hr).   He  reported  that  the  fires  were  either  nonburning  or  severe,  with  little 
intermediate  fire  behavior.   Flammability  appeared  to  be  correlated  to  plant  and  stand 
age  and  presence  of  associated  grasses,  with  the  fuels  being  sensitive  to  weather 
changes. 

RESPONSE  OF  BITTERBRUSH  TO  FIRE 

Adams  (1980)  suggested  that  bitterbrush  evolved  in  a  fire  climate.   Mutch  (1970) 
suggested  that  if  a  species  were  favored  by  burning,  it  would  adapt  to  be  flammable. 
Flammability  can  be  enhanced  by  a  concentration  of  fine  fuels,  low  moisture  content, 
high  dead-to-live  ratios,  and  high  volatile  oil  content.   Bitterbrush  is  mainly  small 
diameter,  its  moisture  content  on  the  low  side,  its  volatile  oil  content  not  extreme, 
and  its  dead-to-live  ratio  varies.   Bitterbrush  could  respond  to  fire  as  do  other  plant 
species  by  reseeding  into  the  site,  surviving  the  fire  and  growing  (freed  from  plant 
competition  from  other  vegetation  for  some  years),  sprouting  from  adventitious  roots 
just  below  the  soil  surface  (sprout  from  the  stem) ,  or  being  completely  eliminated  from 
the  site.   Bitterbrush  has,  in  fact,  responded  in  all  four  of  these  ways. 

Factors  Affecting  Sprouting  Capability 

!     The  ability  to  sprout  is  only  one  adaptation  for  plant  survival  after  fire. 

•However,  it  is  the  most  important  adaptation  in  vegetation  where  bitterbrush  occurs. 
Sprouting  allows  for  better  competition  for  moisture.  It  also  seems  to  be  the  biggest 
determinant  as  to  how  long  it  takes  for  forage  production  to  return  to  preburn  state, 
and  in  some  cases,  whether  bitterbrush  would  remain  on  the  site  at  all.  Why  bitterbrush 
does  or  does  not  sprout  has  been  variously  attributed  to  fire  intensity,  genetic 
capabilities  (different  ecotypes) ,  soil  moisture  and  soil  type,  season  of  burn,  and 
other  factors. 

i 

FIRE  INTENSITY 

b 

"     Blaisdell  (1953)  studied  the  ecological  effects  of  planned  burning  on  the 
sagebrush-grass  range  of  the  Upper  Snake  River  in  Idaho.   He  found  that  sprouting 
response  of  bitterbrush  varied  with  fire  intensity.   Out  of  800  bitterbrush  plants,  49 
iPercent  sprouted  after  a  light  burn,  43  percent  after  a  moderate  burn,  and  19  percent 
after  a  heavy  burn.   Bitterbrush  was  able  to  make  a  recovery  (because  of  the  sprouting 
that  took  place)  after  34  growing  seasons,  but  was  still  far  below  production  of 
mburned  sites.   Blaisdell  also  reported  that  many  bitterbrush  plants  sprouted  soon 
ifter  burning,  made  rapid  growth,  and  gained  dominance  within  9  years. 

'     Driver  and  others  (1980)  burned  bitterbrush  in  a  ponderosa  pine-grass-bitterbrush 
labitat  type  with  a  light  prescribed  fire  in  the  early  spring  in  Washington  and 

,  )bserved  a  40  to  100  percent  resprouting  response.   In  a  high  intensity  fire  in  an  area 
?here  thinning  debris  had  been  piled  and  burned,  they  observed  no  sprouting.   They 
-oncluded  that  bitterbrush  can  resprout  following  low  intensity  fires. 
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GENETIC  CAPABILITIES 

Sprouting  in  bitterbrush  is  affected  by  location  within  its  range  probably  as  a 
result  of  genetic  variability.   Wright  and  others  (1979),  in  reviewing  various  ecotype; 
that  exist  in  bitterbrush,  stated  that  the  decumbent  ecotype  generally  resprouts  after 
fire  or  top  removal;  this    aggressive  species  is  capable  of  revegetating  severely 
disturbed  areas  after  planting.   The  columnar  forms  on  granitic  soils  in  Idaho  will 
generally  resprout  after  fire  or  top  removal,  but  resprouting  seems  to  be  dependent  on 
fire  intensity  and  soil  moisture.   Other  ecotypes  are  more  severely  damaged  by  fire. 
Their  review  concluded  that  cool,  spring  burns  in  decumbent  forms  result  in  low 
mortality  and  high  resprouting,  but  low  seedling  establishment.   In  fall  burns,  with 
good  soil  moisture,  resprouting  and  layering  occur  in  the  decumbent  ecotypes.   They 
generalized  that  while  fire  harms  the  columnar  ecotype  more  than  the  decumbent  type, 
cool  fall  fires  are  least  damaging  to  the  columnar  ecotypes.  Fire  harms 
bitterbrush  more  in  fine-textured  and  calcareous  soils  than  on  coarse  textured  and  wel 
drained  soils.   Spring  burning  enhances  sprouting. 

Because  one  ecotype  can  be  prevalent  over  large  areas,  previous  studies  that  havel 
explained  variation  in  sprouting  of  bitterbrush  by  its  location  may  have  actually  been] 
observing  a  prevalent  ecotype.   Countryman  and  Cornelius  (1957),  finding  that 
bitterbrush  did  not  sprout  on  a  northeastern  California  plateau  after  a  moderate  fire 
in  August  1949,  stated  that  a  notable  feature  of  burned  plots  was  the  complete  loss  o 
bitterbrush  while,  in  contrast,  bitterbrush  was  91  percent  of  the  forage  on  unburned 
plots.   Nord  (1965)  noted  that  antelope  bitterbrush  is  known  to  sprout  in  several 
locations  in  California.   He  reported  that  the  only  area  outside  California  with 
frequent  and  abundant  sprouting  is  eastern  Idaho.   Nord  also  reported  that  because  soJ 
moisture  affected  the  degree  to  which  bitterbrush  stems  were  damaged,  it  was  important 
in  determining  the  degree  of  sprouting  in  a  stand.   When  a  rainstorm  put  out  a  fire  oi 
water  was  used  to  prevent  fire  from  spreading,  heavy  sprouting  occurred.   Intensity  i: 
not  a  crucial  factor,  he  states.   Good  sprouting  is  also  most  likely  to  develop  along 
drainage  channels,  or  in  soils  with  good  soil  moisture  retention.   Where  soil  moistun 
was  low,  no  sprouting  occurred,  regardless  of  the  destruction  suffered  by  the  plant. 

Sherman  and  Chilcote  (1972)  reported  that  resprouting  of  bitterbrush  is  infreque:; 
in  central  Oregon.   Five  of  2,052  bitterbrush  plants  were  sprouts,  and  13  of  those 
plants  that  had  been  cut  below  the  soil  surface  had  adventitious  roots.   Thus,  it 
reproduced  largely  from  seed.   They  noted,  however,  that  although  bitterbrush  didn't 
sprout,  because  of  a  good  adjacent  seed  source  their  plots  were  rapidly  repopulated 

after  fire,  as  indicated  by  a  fire  scar.  I 

I) 

i; 

OTHER  FACTORS  i 

Environmental  factors — Driscoll  (1963)  suggests  that  sprouting  is  not  only 
controlled  by  genetics  but  also  environmental  factors,  as  well  as  intensity  of  the 
burn.   In  plots  he  studied  in  the  ponderosa  pine-bitterbrush-f escue  and 
sagebrush-bitterbrush  zones,  he  reported  little  difference  between  fire  intensity  anc 
degree  of  sprouting.   Where  plants  layered,  the  plant  sprouted  at  the  point  of 
layering,  not  at  the  parent  plant.   Sprouting  always  occurred  2  to  3  inches  (5  to  7 .(. 
cm)  below  the  soil  surface.   The  frequency  of  sprouting  was  associated  with  soil 
texture  and  aspect.   On  north  slopes,  in  loose  coarse  soils  without  pumice  or  cinders 
bitterbrush  had  the  highest  sprouting  with  80  percent.   In  fine  textured  stony  soilS;! 
percent  sprouted.   Where  cinders  and  pumice  were  abundant,  sprouting  was  minimal 
because,  being  porous,  they  transfer  heat  deeper,  injuring  the  plant  base  more  severe.. 

Season  of  burn — Adams  (1980)  stated  in  work  done  on  the  Fort  Rock  Ranger  Distrii: 
in  Oregon  that  bitterbrush  sprouted  80  percent  on  a  spring  burn  and  20  percent  on  a  ; 
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fall  burn.   As  previously  noted,  others  have  also  observed  a  difference  in  sprouting  in 
bitterbrush  with  spring,  summer,  and  fall  burns. 

Carbohydrate  reserve  cycle — A  large  percentage  of  sprouts  die  1  year  after  a  fire. 
Klebenow  and  others  (1976)  reported  that  although  sprouting  was  adequate  on  a  site 
mortality  after  1  year  was  widespread.   One  explanation  rests  in  the  carbohydrate 
reserve  cycle  in  plants.   Menke  and  Trlica  (1981)  reported  that  this  cycle  was  a  good 
screening  tool  for  assessing  relative  effects  of  defoliation  possibly  by  fire  on 
different  plant  species.   Plants  that  replenish  reserves  rapidly  in  the  spring  and 
minimize  the  time  in  low  reserve  status  were  least  affected  by  defoliation. 

Bitterbrush  had  a  typical  "V"  shaped  carbohydrate  reserve  cycle  as  shown  in  figure 
1  (Menke  and  Trlica  1981).   Burning  when  reserves  in  the  taproot  are  lowest  could  most 
drastically  affect  the  plant's  ability  to  sprout.   Lowest  reserves  occurred  in  the  stem 
in  May  and  June  and  in  the  taproot  in  late  June  to  mid-July.   Bitterbrush  is  unusual  in 
that  it  doesn't  completely  replenish  carbohydrate  reserves  until  the  fruit  is  fully 
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Graph  showing  carbohydrate  reserve  storage  during  winter,  spring,  summer. 


developed,  whereas  most  plants  replenish  those  reserves  somewhat  earlier.   No  one  has 
studied  the  possible  variations  in  the  carbohydrate  reserve  cycle  in  different  ecotypes 
of  bitterbrush,  or  documented  the  phenological  stage  of  plant  development  when  burned, 
but  this  approach  could  help  anticipate  when  sprouting  is  likely  to  be  most  successful 
in  order  to  optimize  the  time  of  the  burn. 

Factors  Affecting  Capability  to  Reestablish  by  Seed 

Blaisdell  (1953)  stated  that  part  of  the  recovery  of  bitterbrush,  even  where  they 
sprout,  comes  from  new  plants  established  by  seed,  especially  on  high  intensity  fires 
where  most  of  the  old  plants  were  killed. 

Driver  and  others  (1980),  in  developing  their  hypothesis  of  the  role  of  fire  in 
bitterbrush,  reasoned  that  older  plants  (75  to  90  years)  have  maintained  productive 
capacity  for  a  long  time  through  some  mechanism,  such  as  fire  resistance,  vegetative 
regrowth,  or  sprouting.   They  found  that  after  an  intense  fire,  where  thinning  debris 
had  been  piled  and  burned,  bitterbrush  and  snowbrush  ceanothus  (Ceanothus  velutinus 
Dougl.)  seedlings  were  the  only  shrubs  present.   Grass  was  absent  from  the  burn  site, 
even  though  it  was  dominant  before  the  fire.  They  concluded  that  bitterbrush  can 
function  as  a  pioneer  plant  in  intense  fires  due  to  lack  of  competition  from  grass,  and 
that  the  seedling  mechanism  works  when  there  are  infrequent  intense  fires  in  the 
vegetation  type. 

P|     Sherman  and  Chilcote  (1972)  studied  the  distribution  of  bitterbrush  in  central 
Oregon  in  the  open  sagebrush  and  forest  communities  by  measuring  distances  of  rodent 
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caches  from  fire-scarred  trees.   They  found  the  amount  of  litter  on  the  ground  was 
extremely  important  in  determining  the  extent   bitterbrush  seedlings  would  appear  on 
the  site.   The  amount  of  litter  was  inversely  proportional  to  the  distance  of  caches 
from  the  fire-scarred  tree  used  as  a  plot  center.   Rodents  had  a  positive  effect  on 
seedling  numbers  because  of  their  seed  caches.  Caches  generally  occurred  where  litter 
was  light,  and  these  locations  resulted  in  higher  seedling  survival  because  of 
favorable  pH,  moisture,  and  other  factors.   Fire  occurrence  caused  extensive  seedling 
establishment.   Seedling  establishment  declined  gradually  thereafter  until  another  fit 
occurred. 

Nord  (1965)  reported  that  seedling  establishment  varies  considerably  from  year  tc 
year  and  from  site  to  site  even  though  precipitation,  soils,  and  density  are 
comparable.   The  soil  must  be  moist  to  the  depth  of  seeds  in  the  fall,  winter,  and 
early  spring  for  good  seedling  establishment.   Nord  also  suggested  that  an  alleopathy 
of  associated  plant's  litter  explains  why  the  presence  of  litter  and  duff  do  not  favoi 
bitterbrush.   He  adds  that  sagebrush  acts  as  a  nurse  plant  for  bitterbrush  seedlings 
because  of  shade  and  other  factors. 

Wright  and  others  (1979)  reported  that  seedlings  from  the  decumbent  forms  appear 
to  be  more  competitive  than  from  upright  forms.  Germination  is  generally  higher  in  tl 
low  growing  ecotype,  and  seedlings  are  favored  by  fall  burning. 

MANAGEMENT  IMPLICATIONS 

The  perpetuation  of  healthy  bitterbrush  stands  is  a  difficult  management 
situation.  Franklin  and  Dyrness  (1973),  building  on  Sherman's  (1966)  observations 
stated  that  bitterbrush  is  the  most  readily  eliminated  of  the  common  shrubs,  although 
on  some  sites  fire  reduction,  consequent  competition,  and  increases  in  canopy  density] 
may  have  the  same  effect.  This  conclusion  places  the  land  manager  in  a  dilemma  on  usj 
of  fire  in  bitterbrush  on  tree-covered  sites.  Light  to  moderate  fires  may  enhance 
bitterbrush  stands  (Martin  and  Dell  1978;  Sherman  and  Chilcote  1972;  Driver  and  other] 
1980);  however,  they  can  generally  be  achieved  only  under  prescribed  conditions. 

While  bitterbrush  has  evolved  under  a  fire  regime,  land  management  practices  ove 
the  last  120  years  have  led  to  a  general  stagnation  of  bitterbrush  stands  in  the  West 
Fires  up  to  the  mid-1800 's  were  more  frequent  and  resulted  in  grass  ranges  and  pine 
forests  both  with  widely  spaced  shrubs,  including  bitterbrush.   Cattle  grazing  resultd 
in  an  increase  in  shrub  cover  because  of  a  decrease  in  the  fine  fuels  of  grass  littet 
and  in  the  competition  factor  of  grass  in  the  understory.   Bitterbrush  cover  increase, 
contributing  to  the  increase  in  deer  herds  in  the  West. 

More  aggressive  fire  control  measures  that  were  introduced  during  the  early  190( 
have  affected  browse  ranges  in  two  ways.   When  fire  control  was  effective,  the  shrub 
stands  became  decadent,  with  an  increased  average  age  of  plants  and  with  sagebrush 
becoming  dominant.   When  more  intense  fires  than  occurred  in  grass  stands  of  the 
precattle  era  occurred  in  these  older  browse  stands,  bitterbrush  underwent  severely 
reduced  productive  capacity. 

Sherman  and  Chilcote  (1972)  concluded  in  their  study  of  spatial  and  chronologic| 
patterns  that  bitterbrush  is  not  a  fire-resistant,  but  a  fire-dependent  species. 
Bitterbrush  needs  to  have  the  litter  cleared  to  enhance  rodent  caching.   Under  natur 
conditions,  it  is  likely  bitterbrush  would  occupy  this  niche  indefinitely.   They  staj^ 
that  fire  control  practices  change  the  scenario.   With  intense  fires  because  of  fuel 
buildup,   destruction  of  all  plants  is  likely.   If  fire  does  not  occur  bitterbrush 
habitat  will  deteriorate  and  may  be  lost  from  portions  of  its  present  range. 
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In  contrast,  Weaver  (1957)  stated  that  bitterbrush' s  present  distribution  and 
extreme  density  over  portions  of  the  Klamath  region  of  California  are  the  result  of 
human  fire  exclusion  efforts  over  the  last  40  to  50  years.   Summerfield  (1976)  stated 
that  bitterbrush  is  one  the  species  most  sensitive  to  fire  in  Nevada.  If  there  is  15  to 
25  percent  composition  by  weight  of  bitterbrush  on  these  sites,  these  areas  should  not 
be  burned. 

Leopold  (1950)  noted:   "Along  the  lower  fringe  of  ponderosa  pine  on  the  Truckee 
River,  logging  and  recurrent  fires  have  stimulated  extensive  growths  of  bitterbrush,  on 
which  a  fine  deer  herd  now  winters.   But,  a  few  miles  down  the  canyon  toward  more  arid 
Reno,  fire  seems  to  wipe  out  both  bitterbrush  and  sagebrush,  giving  rise  to  almost  pure 
stands  of  cheatgrass.   One  cannot  generalize,  therefore,  about  where  and  when  a  given 
technique  may  be  beneficial."   This  statement  holds  true  today.   Of  the  many  factors 
affecting  bitterbrush' s  response  to  fire,  four  are  unalterable.   Managers  should  know 
what  is  on  the  site  and  what  influences  these  four  factors  bear  on  bitterbrush' s 
response.   The  factors  are  the  ecotypes  present,  what  vegetative  competition  exists, 
soil  texture,  and  soil  moisture.   Two  factors  helping  determine  fire's  effect  that  can 
be  manipulated  by  the  potential  burner  are  the  season  of  burn  and  burn  intensity. 

Determining  why  bitterbrush  reacts  to  fire  as  it  does  may  depend  on  related 
ecological  factors.   For  instance,  intensity,  soil  texture,  and  soil  moisture  may  all 
be  related  to  how  much  damage  is  done  to  the  stem;   the  question  is  what  to  use  as  an 
indicator  to  regulate  damage.  The  genetic  theory  for  explaining  bitterbrush  sprouting 
is  uncompromising  in  that  either  the  plants  have  or  do  not  have  adventitious  buds.  The 
percentage  of  buds  in  plant  populations  may  vary,  but  if  the  population  does  not  have 
specialized  buds,  bitterbrush  will  not  sprout  from  the  base  even  in  the  best 
conditions . 

The  literature  displays  many  viewpoints  of  fire  and  bitterbrush.  The  author  concludes 
that  fire  can  and  should  be  used  in  communities  in  which  bitterbrush  occurs  under 
narrow  conditions.   Needing  further  research  are  the  conditions  necessary  to  meet 
range,  wildlife,  watershed,  and  silviculture  objectives  with  prescribed  fire. 
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FACTORS  AFFECTING  ANTELOPE  BITTERBRUSH 

REESTABLISHMENT  FOLLOWING  FIRE 

2 
Robert  E.  Martin  and  Charles  H.  Driver 


ABSTRACT 

Successful  sprouting  of  bitterbrush  after  fire  is 
controlled  by  such  factors  as  plant  genetics  and 
morphology,  plant  age,  competition,  soil  type, 
burning  conditions,  fuel  load,  past  history,  browsing 
pressure,  and  others.   Seedling  establishment  depends 
on  such  factors  as  seed  supply,  rodent  population, 
site,  and  others.   Discussion  centers  on  assessing 
the  effects  of  fire  on  bitterbrush  stands. 


INTRODUCTION 

Antelope  bitterbrush  (Purshia  tridentata  (Pursh)  DC.)  response  to  fire  is  of 
vital  concern  to  land  managers  because  the  shrub  is  considered  an  important  browse 
plant  for  big  game  throughout  most  of  its  range.   Generally,  investigators  indicate 
fire  is  detrimental  to  bitterbrush  in  both  the  short-  and  long-term.   However, 
bitterbrush  is  often  abundant  in  systems  where  fire  is  known  to  have  occurred 
frequently.   Some  investigators  indicate  burning  with  a  cool,  moist  soil  will  give 
high  sprouting  percentage,  while  others  state  that  no  burning  conditions  give 
satisfactory  bitterbrush  regeneration  after  fire. 

Such  contradictions  have  led  us  to  try  to  resolve  the  differences  by  considering 
the  many  factors  affecting  bitterbrush  regeneration.   Our  grouping  of  the  factors 
is  for  convenience  of  discussion.   Many  of  the  factors  are  interrelated,  and  we'll 
attempt  to  indicate  this. 

We'll  cite  only  those  papers  that  relate  to  factors  being  discussed.   For  a 
more  complete  review  of  literature  on  bitterbrush,  the  reader  should  consult  Basile 
(1967)  and  Clark  and  Britton  (1979). 


SPROUTING 

Many  factors  are  important  in  determining  whether  or  not  bitterbrush  sprouting 
will  occur.   While  sprouting  occurs  readily  on  some  areas,  it  may  never  in  other 
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ireas  because  of  genetic  or  other  factors.   In  some  cases,  more  frequent  fire  under 
fiore  moderate  conditions  may  be  important  in  improving  sprouting. 

Genetics  and  Morphology 

There  appears  to  be  a  strong  genetic  influence  in  the  ability  of  bitterbrush  to 
sprout.   Papers  in  this  proceedings  that  cite  the  genetic  variability  in  bitterbrush 
include:   Davis,  Driver,  Edgerton  and  others,  McArthur  and  others,  Shaw,  and  Winward . 
lost  of  these  studies,  however,  were  not  concerned  with  genetic  variability  in  regard 
:o  response  following  fire. 

Blaisdell  (1950,  1953)  pointed  out  that  the  ability  of  a  plant  to  sprout  is 
Important  in  its  rapid  recovery  after  burning,  and  bitterbrush  was  intermediate  in  its 
ibility  to  sprout.   Wagle  (1958)  noted  a  great  deal  of  variability  in  sprouting 
)itterbrush.   In  California,  bitterbrush  sprouting  ranged  from  nonexistent  to  frequent 
m  various  burns,  but  was  more  common  in  the  zone  where  hybridization  occurred  with 
lesert  bitterbrush,  a  good  sprouter. 

Bitterbrush  sprouted  anywhere  from  3  weeks  to  13  months  after  burning,  or  after 
:op  removal  from  dormant  buds  wholly  or  partly  encircling  the  stem  at  ground  level, 
)r  from  a  callus  of  meristematic  tissue  formed  beneath  the  bark  after  treatment 
(Blaisdell  and  Mueggler  1956) .   The  sprouts  after  burning  were  from  buds  protected  by 
soil.   The  variability  in  bud  location,  callus  formation,  and  time  of  sprouting  might 
Indicate  genetic  variability. 

Driver  and  others  (1980)  observed  that  a  large  number  of  bitterbrush  plants  were 
sprouting  from  what  appeared  to  be  a  lignotuber,  according  to  the  terminology  of 
)aubenmire  (1974) .   The  lignotubers  are  swellings  in  the  main  stem  at  or  just  below 
:he  ground  line.   Because  this  characteristic  has  not  been  reported  by  other 
-nvestigators,  it  may  only  be  characteristic  of  bitterbrush  in  the  area  of  central 
Jashington  where  it  was  observed. 

Morphology  of  bitterbrush  appears  linked  to  its  sprouting  ability.   Decumbent 
orms  are  known  to  layer  more  readily  than  columnar  forms,  and  location  of 
dventitious  buds  around  base  may  differ.^ 

Phenological  Condition 

The  phenological  condition  of  a  plant  at  the  time  its  top  is  removed,  whether  by 
ire  or  cutting,  could  greatly  affect  both  its  ability  to  sprout  and  the  vigor  of  the 
prouts.   Food  reserves  of  the  plants  generally  are  depleted  rapidly  during  the  fast 
arly  growing  period  when  photosynthesis  is  unable  to  keep  pace  with  utilization, 
bus,  removal  of  the  top,  or  killing  the  top  with  fire,  could  leave  the  plant  low  in 
ood  reserves  and  with  a  less  vigorous  sprouting  capability. 

Several  investigators  have  measured  the  levels  of  food  reserves  in  plants 
hroughout  the  year.   Most  measured  total  available  carbohydrate  (TAC)  or  total 
onstructural  carbohydrate  (TNC) .   McConnell  and  Garrison  (1966)  found  TAC  dropped 
1  all  bitterbrush  plant  parts  during  leaf  formation,  flowering,  rapid  growth,  and 
Bed  formation.   As  growth  rate  slackened,  TAC  began  to  increase  throughout  the 
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plants.   They  felt  bitterbrush  carbohydrate  metabolism  would  be  harmed  most  by 
herbage  removal  during  the  depletion  phase  of  the  carbohydrate  cycle  between 
vernalization  and  early  seed  formation  stages.  l 

TAG  was  less  affected  than  were  herbage  yield  and  morphological  characteristics   ^ 
of  antelope  bitterbrush,  and  all  were  affected  most  by  defoliation  of  bitterbrush 
during  late  spring  and  fruit  development  or  seed  shatter  stages  (Menke  1974) .         | 
Multiple  severe  defoliations  in  one  year  were  quite  harmful.   Buwai's  (1975)  results 
also  showed  bitterbrush  herbage  yield  and  vigor  to  be  affected  more  than  TNC .   The 
plants  were  most  affected  by  defoliations  toward  the  end  of  the  growing  season. 
Plants  that  received  three  defoliations  had  greatly  reduced  herbage  yield,  but       '  j 
remained  in  good  vigor.   No  plants  with  three  or  six  defoliations  had  recovered  after 
14  or  26  months  rest  from  grazing. 

Trlica  and  others  (1977)  indicated  plants  defoliated  during  the  fruit 
development  phenological  stage  had  shorter  twigs  than  did  those  at  other  times. 
Herbage  yields,  vigor,  and  basal  stem  TNC  levels  were  still  lower  in  defoliated  plant 
14  and  26  months  after  defoliation  than  in  nondef oliated  plants. 

Crude  protein  and  apparent  digestibility  rose  while  crude  fiber  and  crude  fat 
dropped  somewhat  during  the  active  growing  period  and  fruit  development  of  bitterbruj 
in  central  Oregon  (Hickman  1975) .   He  did  not  comment  on  the  implication  for 
survival  after  fire  or  crown  removal. 

On  the  applied  side,  Blaisdell  and  Mueggler  (1956)  noted  that  spring  burning 
yielded  more  sprouting  than  burning  in  summer  or  fall,  yet  clipping  date  had  little 
effect  on  sprouting.   Phenological  condition  could  be  involved,  but  they  felt  other 
factors  were  more  important.   Jensen  and  others  (1972)  indicated  that  bitterbrush 
grazed  by  sheep  even  moderately  during  seed  ripening  will  not  produce  more  growth 
that  year.   Bitterbrush  that  were  heavily  grazed  at  that  time  appeared  to  lack  vigor 
Wagstaff  (1980)  reported  that  a  1975  summer  wildfire  eliminated  almost  all  bitterbru 
from  a  site.   It  is  possible  that  the  phenological  condition  contributed  to  that 
bitterbrush  loss. 


Plant  Age 

Very  young  and  very  old  plants  of  a  species  may  not  sprout  well.   Our  |l 

observations  are  that  seedlings  less  than  5  years  old  and  bitterbrush  greater  than  ' 
40  to  60  years  of  age  do  not  sprout  well.   Perhaps  the  young  seedlings  have  not  yet  ■ 
developed  the  food  reserves  or  layers  to  protect  adventitious  buds.   Perhaps  they've 
not  yet  developed  the  capability  of  forming  the  buds  or  meristematic  callus,  as  it 
is  called  by  Blaisdell  and .Mueggler  (1956).   Very  old  plants  often  seem  to  lack  the 
vigor  necessary  to  develop  sprouts.   This  could  be  caused  by  any  number  of 
physiological  factors,  but  it  is  likely  a  factor  of  the  lack  of  food  reserves  in  an 
already  decadent  plant. 

Blaisdell  and  Mueggler  (1956)  point  out  that  higher  sprouting  occurred  after 
either  burning  or  clipping  of  bitterbrush  sprouts  or  new  plants  less  than  15  years 
old  than  occurred  on  older  plants;  7  to  10  clipped  plants  under  15  years  old 
sprouted,  whereas  only  24  to  50  clipped  plants  older  than  15  years  sprouted. 

The  productivity  of  bitterbrush  increased  until  an  age  of  60  to  70  years  but 
then  declined  (McConnell  and  Smith  1977)  in  early  heavy  grazing  and  moderate  late 
grazing.   Whether  or  not  this  growth  ability  is  also  reflected  in  sprouting  ability 
is  not  known.  I 
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Clark  (1979)  found  no  relationship  between  sprouting  and  age.   One  92-year-old 
)lant  sprouted  after  being  severed  5.9  inches  (15  cm)  above  the  ground  lines. 

Our  own  experience  indicates  that  bitterbrush  seedlings,  say  under  5  years,  and 
)lder,  decadent  plants,  perhaps  older  than  40  to  60  years,  do  not  sprout. 

Competition 

Competition  with  other  plants  both  before  and  after  the  fire  will  affect  the 
ibility  of  bitterbrush  to  reestablish  itself.   Before  fire,  competition  will  affect 
:he  general  vigor  of  the  plant,  reducing  its  ability  to  sprout. 

Hormay  (1943)  pointed  out  that  bitterbrush  is  intolerant  of  shade  and  does 
)est  in  forest  openings  and  on  slopes  below  the  pine  forest.   Bitterbrush  seedlings 
:oming  after  fire  often  lost  out  in  competition  with  cheatgrass  (Bromus  tectorum  L.). 
le  noted  only  two  fires  in  California  where  sprouting  had  occurred  and  felt  sprouting 
7as  not  a  main  source  of  regeneration  for  bitterbrush. 

Hubbard  and  others  (1962)  explored  mortality  in  a  mature  bitterbrush  stand  where 
:ompetition  was  a  main  source  of  mortality.   The  bitterbrush  was  in  competition  with 
.tself  and  with  crested  wheatgrass  (Agropyron  desertorum  Fisch.)   They  recommended 
lot  over  2,200  bitterbrush  plants  per  acre  (5,434  plants/ha),  or  about  a  4.5  ft 
il.4  m)  spacing,  for  a  good  site.   They  cited  a  personal  communication  from  E.  C. 
Jord  where  he  recorded  an  average  stocking  of  778  plants  per  acre  (1,922  plants/ha) 
;ith  a  maximum  of  1,420  plants (3,507  plants/ha).   Sanderson  and  others  (1963)  felt 
his  maximum  might  be  too  few  in  artificially  seeded  areas. 

Sanderson  and  others  (1963)  checked  the  perennial  grass  competition  by  weeding 
•ut  all  plants  except  bitterbrush.   Very  significant  responses  in  leader  length  were 
ecorded  for  bitterbrush  plants  in  both  good  and  poor  condition.   The  grass 
ompetition  affected  vigor  as  expressed  by  leader  length,  which  could  in  turn  affect 
ortality . 

Western  juniper  (Juniperus  occidentalis  Hook.)  and  bunchgrasses  are  important 
ompetitors  of  bitterbrush  in  the  Devil's  Garden  area  of  northern  California 
Hubbard  1965) .   Reduction  of  either  competitor  would  leave  more  moisture  and 
utrients  for  bitterbrush,  thus  improving  its  vigor.   McConnell  and  Smith  (1965, 
970a)  recorded  an  increase  in  grasses,  forbs,  and  shrubs  following  thinning  of 
onderosa  pine  (Pinus  ponderosa  Dougl.)  stands  in  eastern  Washington.   Antelope 
itterbrush  yield  increased  about  2  lbs/acre  (2.2  kg/ha)  for  each  1  ft  (0.3  m) 
acrease  in  spacing  and  1  lb/acre  (1.1  kg/ha)  for  each  1  percent  decrease  in  canopy. 
Dtal  shrub  (mostly  bitterbrush)  increment  was  45  lb/acre  (50.5  kg/ha),  or  a 
,100  percent  increase,  at  18.7  and  26.4  ft  (5.7  to  8.1  m)  spacings  compared  to 
5  lbs/acre  (16.8  kg/ha),  or  166  percent  increase,  at  13.2  ft  (4.0  m)  spacing, 
le  original  stand  was  2,800  trees/acre  (6,916/ha)  or  an  average  spacing  of  3.9  ft 
L.2  m). 

f        Partial  cutting  of  a  lodgepole  pine  (Pinus  contorta  Dougl.)  stand  from 
-.3  to  20.5  ft^/acre  (21.0  to  4.7  m^/ha)  basal  area  in  a  central  Oregon  pumice 
-te  resulted  in  an  average  of  108  percent  increase  in  twig  length  on  mature 
-tterbrush  plants  (Edgerton  and  others  1975).   They  felt  numbers  of  twigs  were  also 
icreased,  but  had  no  supporting  data. 

r    Stuth  and  Winward  (1976)  recorded  the  effects  on  bitterbrush  of  clearcut 
gging  in  lodgepole  pine  in  central  Oregon.   Although  43  percent  of  the  plants  were 
St  in  logging,  the  leader  length  and  general  vigor  of  the  remaining  plants 
creased  considerably. 

269 


Burning  of  bitterbrush  in  southeastern  Idaho  did  not  increase  its  yield  because 
of  large  numbers  of  plants  killed,  low  sprouting  success,  and  competition  from  other 
plants  (Murray,  this  proceedings) . 

Soil  Type 

Soil  type  can  affect  bitterbrush  sprouting  after  fire  especially  through 
coarseness  of  the  surface  soil.   Because  sprouting  occurs  from  adventitious  buds  or 
meristematic  callus  at  or  just  below  the  soil  surface,  a  soil  that  reduces  heat 
transfer  to  these  areas  should  enhance  sprouting.   Loose,  pebbly  soils  may  allow 
the  fibrous  bark  and  other  organic  matter  in  the  surface  soil  to  burn,  thus  causing 
more  heating  of  the  plant  below  ground.   Finer  soils  may  retain  more  surface  soil 
moisture  through  capillarity,  thus  reducing  combustion  and  temperature  rise  of  the 
plant  tissues  just  below  ground  line. 

Nord  (1959,  1965)  reported  antelope  bitterbrush  growing  on  soils  developed  from 
a  wide  range  of  parent  materials  including  granitic,  rhyolitic  basaltic,  pumiceous 
or  sedimentary  sandstone,  and  shale  rock.   He  reports  that  it  grows  best  on  coarse 
textured  soils  that  are  well  drained,  very  permeable,  and  slightly  acid.   It  gives 
way  to  other  plants  on  heavier  textured,  poorly  drained,  or  basic  soils.   He  indicate, 
sprouting  is  related  to  the  degree  of  damage  at  or  just  below  ground  line. 

Driscoll  (1963)  reported  the  best  sprouting  of  bitterbrush  following  two        ( 
wildfires  in  central  Oregon  was  on  coarse-textured,  nonstony  soils  without  cinders 
or  pumice.   Fine-textured,  stony  soils  have  low  sprouting.   The  least  sprouting 
was  where  cinders  or  pumice  were  present. 

Giunta  and  others  (1978)  maintain  that  sprouting  is  better  on  finer  textured 
soils.   Our  casual  observation  indicates  we  are  getting  less  sprouting  following 
fire  where  soils  are  very  coarse  and  pebbly.   This  is  especially  noticeable  on  the 
coarse  "popcorn"  pumice  sites  where  we  have  burned. 

Soil  Moisture 

High  surface  soil  moisture  has  been  reported  by  many  investigators  as  necessary 
for  or  improving  bitterbrush  sprouting  (Blaisdell  1953;  Blaisdell  and  Mueggler  1956; 
Nord  1965;  Pechanec  and  others  1965;  Wright  and  Britton  1976;  Martin  and  Dell  1978; 
Martin  and  Johnson  1979;  Adams  1980;  Olson  and  others  1981;  Volland  and  Dell  1981; 
and  Murray,  this  proceedings) .   Early  spring  and  late  fall  are  recommended  for 
burning,  when  the  soil  is  cool  (Martin  and  Dell  1978;  Martin  and  Johnson  1979; 
Adams  1980;  Murray,  this  proceedings) .   The  lower  soil  temperature  requires  more 
heat  to  be  added  to  bring  the  protected  plant  tissue  to  the  lethal  temperature. 
Wildfires,  which  generally  occur  during  the  summer  when  soils  are  warm  and  dry,  may 
account  for  the  low  sprouting  afterwards. 

Burning  Conditions 

Conditions  under  which  burns  are  conducted  may  also  affect  bitterbrush  sproutinj.^ 
Fuel  moisture,  particularly  that  in  the  duff  (H  layer)  if  present,  is  closely  relate(j 
to  soil  moisture,  and  may  contribute  to  sprouting  response.   The  condition  of  the 


270 


site  after  burning  was  used  by  Blalsdell  (1950,  1953)  to  classify  the  "intensity'"^ 
as  light,  moderate,  or  heavy.   Sprouting  was  inversely  related  to  intensity,  but  even 
on  the  light  burns  less  than  50  percent  of  the  bitterbrush  sprouted;  A3  percent 
sprouted  on  the  moderate  burns,  and  19  percent  on  the  heavy  burns. 

Blalsdell  and  Mueggler  (1956)  reported  that  burned  bitterbrush  sprouted  less 
readily  than  bitterbrush  with  complete  tops  removed.   Since  date  of  top  removal  did 
not  vary  with  season,  they  believe  the  "intensity"  of  burn  is  what  caused  better 
sprouting  in  the  spring.   An  August  fire  had  a  high  rate  of  sprouting,  but  the 
sprouting  occurred  where  water  was  sprayed  to  control  spread  of  the  fire. 

Mueggler  and  Blalsdell  (1958)  reported  a  late  August  fire  to  be  very  damaging  to 
bitterbrush.   Countryman  and  Cornelius  (1957)  reported  complete  loss  of  bitterbrush 
for  6  years  following  an  August  wildfire  in  northern  California. 

Nord  (1959)  reported  only  one  fire  in  California,  an  early  January  burn,  where 
sprouting  occurred  on  more  than  25  percent  of  the  bitterbrush,  and  in  1965  he  stated 
that  conditions  during  burning  are  important.   Pechanec  and  others  (1965)  reported 
that  in  eastern  Idaho  and  parts  of  Utah,  high  percentages  of  bitterbrush  have 
sprouted  after  light  burning.   Wagstaff  (1980)  reported  no  bitterbrush  sprouting 
following  a  summer  wildfire  in  Utah. 

Prescription  conditions  and  variable  fire  effects  on  bitterbrush  based  on  timing 
and  conditions  during  burning  were  mentioned  by  Martin  and  Dell  (1978) ,  Martin  and 
Johnson  (1979),  and  Olson  and  others  (1981)  for  areas  in  central  Oregon  and  northern 
California.   Highest  sprouting  at  Lava  Beds  National  Monument  followed  a  late  fall 
burn  where  duff  had  a  high  fuel  moisture  so  that  little  of  it  was  consumed  (Martin, 
this  proceedings) . 

Driver  and  others  (1980)  gave  data  on  bitterbrush  sprouting  following  a  spring 
burn  in  central  Washington.   Similarly,  Adams  (1980)  observed  80  percent  sprouting 
of  bitterbrush  following  a  spring  burn  versus  20  percent  sprouting  after  a  fall  burn. 
He  cited  burning  conditions  as  one  of  the  factors  contributing  to  the  difference. 

More  recently,  Laven  and  Omi  (this  proceedings)  and  Murray  (this  proceedings) 
cited  spring  burning  conditions  as  being  most  favorable  for  bitterbrush  resprouting. 

History 

\^at  has  happened  on  a  site  in  the  past  might  influence  the  sprouting  of 
bitterbrush.   Over  a  long  time,  frequent  fire  might  cause  genetic  selection  of  plants 
for  those  with  better  capability  to  sprout.   In  the  short  term,  frequent  fire  might 
enhance  sprouting  by  keeping  fuel  loads  down  or  maintaining  plant  vigor. 

Ij     Blalsdell  and  Mueggler  (1956)  noted  that  bitterbrush  sprouting  following  a  1953 
burn  was  better  on  a  site  previously  burned  in  1939  than  on  an  unburned  site 
regardless  of  the  date  of  burning.   They  speculated  the  reasons  might  be  burn 
'intensity,"  greater  ability  of  younger  plants  to  sprout,  or  even  genetic  differences, 

il 


"Intensity"  as  used  by  Blalsdell  is  what  many  today  refer  to  as  "severity." 
vfe  would  prefer  to  use  terms  such  as  "fuel  consumption"  or  "heat  load,"  both  of  which 
:ould  be  measured  or  calculated,  as  indicators  of  the  amount  of  heat  supplied  to  the 
)ase  of  the  plant.   Intensity  is  technically  the  rate  of  heat  release  per  unit  of 
'ire  front  (Byram  1959) ,  and  may  or  may  not  be  related  to  the  heat  delivered  to  the 
)ase  of  the  plant. 
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In  a  hypothesis,  Driver  and  others  (1980)  pointed  out  that  antelope  bitterbrush, 
to  be  a  dominant  member  of  the  plant  community,  should  exhibit  characteristics  that 
insure  its  survival  and  perpetuation  in  such  habitat  environments.   They  used  the 
ponderosa  pine-pinegrass  (Calamogrostis  rubescens  Buckl . )-bluebunch  wheatgrass 
(Agropyron  spicatum  [Pursh]  Scribn.  &  Smith) -bitterbrush  habitats  of  central 
Washington  as  an  example.   Since  these  habitat  types  have  a  high  fire  frequency  and 
bitterbrush  is  common,  they  concluded  that  bitterbrush  must  have  mechanisms  to  cope 
with  fire. 


Fuel  Load 

The  amount  of  fuel  on  a  site  can  be  a  factor  in  bitterbrush  sprouting  after 
fire,  although  this  is  generally  not  mentioned  in  the  literature.  The  fuel  load  is 
probably  also  related  to  competition,  especially  pine,  and  perhaps  the  length  of 
time  since  fire  and  plant  age.  We  have  observed  that  sprouting  of  bitterbrush  is  low 
in  the  pine  stands  of  central  Oregon  and  northern  California  (Martin,  this  proceedings 
even  when  these  are  burned  with  cool,  moist  soil  and  duff.  ,1 

vl 

A 

Browsing  Pressure  f| 

Browsing  pressure  before  and  after  fire  can  affect  the  ability  of  antelope 
bitterbrush  to  sprout  and  of  the  sprouts  to  survive.   Some  browsing  appears  to 
maintain  plant  vigor,  but  excessive  or  repeated  browsing  can  be  detrimental. 
Considered  along  with  browsing  will  be  grazing  by  domestic  livestock,  defoliation  by 
insects,  and  cutting. 

Hormay  (1943)  observed  that  plants  weakened  by  previous  grazing  or  caterpillar 
infestation  may  be  seriously  damaged  or  killed  by  a  single  heavy  defoliation.   Plants 
not  previously  weakened  may  recover  quickly  after  a  heavy  attack  by  caterpillars, 
and  50  percent  defoliation  prevents  flowering  the  next  year. 

Moderate  clipping  or  topping  of  bitterbrush  tends  to  enhance  twig  growth  or 
crown  characteristics  (Garrison  1953;  Ferguson  and  Basile  1966;  Lesperance  and  others 
1970;  Ferguson  1972a;  Trlica  and  others  1977).   Heavy  defoliation,  browsing  or 
clipping,  or  repeated  clipping  can  harm  plants  and  reduce  forage  (Hubbard  1965;  Nord  ; 
1965;  Menke  1974;  Buwai  1975;  McConnell  and  Smith  1977).  ! 

Ferguson  (1968)  noted  that  browsed  young  bitterbrush  remained  smaller  than 
protected  plants  and  had  a  slightly  lower  survival  rate.   Browsing  one-third  to 
one-half  of  the  annual  growth  increased  mortality.   However,  mechanically  removing 
one-third  to  one-half  of  the  bitterbrush  canopy  did  not  cause  mortality  (Ferguson 
1972a).   Twig  production  was  stimulated  by  topping. 

Jensen  and  others  (1972)  have  shown  sheep  grazing  does  not  decrease  winter 
browse  for  wildlife  provided  the  grazing  is  done  before  rapid  twig  elongation  in 
the  spring.   Grazing  later  in  the  year  used  browse  that  would  have  been  available 
for  the  coming  winter. 

McConnell  and  Smith  (1977)  indicated  that  heavy  early-season  grazing  produces 
greater  current  twig  yield  per  plant  than  does  moderate  late-season  grazing.   The 
heavy  early-season  grazing  produces  more  mortality,  however. 
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SEEDLING  ESTABLISHMENT 

Establishment  of  plants  from  seedlings  is  often  the  main  way  bitterbrush 
regenerates.   In  some  areas,  sprouting  will  be  poor  or  absent  following  fire, 
regardless  of  conditions,  and  establishment  from  seed  is  necessary.   Artificial 
seeding  and  planting  is  used  in  many  areas  where  bitterbrush  has  been  lost  or  was  not 
present. 

Seed  Supply 

An  ample  source  of  seed  is  a  critical  factor  for  seedling  establishment  of  any 
species.   Natural  seed  production  has  been  discussed  by  only  a  few  investigators; 
more  have  dealt  with  losses  and  distribution  of  seed. 

Hormay  (1943)  stated  that  bitterbrush  reproduces  mainly  from  seed.   Heavy  seed 
crops  on  bitterbrush  are  a  relatively  infrequent  occurrence  in  Utah,  according  to 
Giunta  and  others  (1978). 

Rodent  Population 

Rodents  are  important  in  the  dissemination  and  destruction  of  seeds  and  may  also 
destroy  seedlings  once  established.   Most  bitterbrush  seedlings  develop  from  rodent 
seed  caches  (Hormay  1943;  Nord  1959  and  1965;  Hubbard  1965;  West  1968;  Sherman  and 
Chilcote  1972;  Giunta  and  others  1978;  Evans  and  others,  this  proceedings).   Many 
authors  point  out  that  successful  seedling  years  depend  on  having  a  good  seed  year 
combined  with  a  relatively  low  number  of  small  mammals  so  that  some  cached  seed 
are  left  for  germination. 

Rodents  may  transport  the  seed  up  to  1,000  ft  (304.8  m)  (Nord  1965).   West 
(1968)  reports  that  up  to  90  percent  of  bitterbrush  seedlings  develop  in  clusters 
and  estimates  that  50  percent  of  the  shrubs  that  develop  may  result  from  small 
mammal  plantings.   Other  mammals  and  birds  may  also  transport  seed,  and  migratory 
Indians  may  at  one  time  have  accounted  for  long-distance  movement  of  bitterbrush 
seed  because  it  was  used  for  medicinal  purposes  (Nord  1965) . 

Rodents  cache  the  seed  for  later  use.   If  rodent  populations  are  high  enough 
so  seed  production  does  not  exceed  their  needs,  essentially  no  cached  seeds  are  left 
for  seedling  establishment  (Hubbard  1965) . 

Rodents  may  also  damage  bitterbrush  seedlings.   Mice,  and  perhaps  other  rodents, 
rob  seed  spots^  planted  in  the  fall  (Holmgren  and  Basile  1956).   Meadow'mice 
(Microtus  montanus)  severely  damaged  bitterbrush  by  girdling  in  northeastern 
California  and  Oregon  in  the  late  1950 's  (Hubbard  and  McKeever  1961). 

Site 

Quality  of  a  site  in  relation  to  the  strains  of  bitterbrush  is  important  to  good 
bitterbrush  seedling  establishment.   Although  many  abiotic  and  biotic  factors  enter 


A  seed  spot  is  the  location  where  one  or  more  (usually  more)  seeds  have  been 
planted.  Usually  two  or  more  seed  spots  may  be  located  close  together  in  a  single 
scalped  area. 
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into  site  quality,  we'll  primarily  consider  moisture,  nutrients,  and  macro-  and  micro- 
climatic conditions. 

Many  investigators  mention  site,  most  often  in  connection  with  artificial 
regeneration.   Hormay  (1943)  and  Nord  (1965)  mentioned  site  in  terms  of  natural  and 
artificial  regeneration.   Giunta  and  others  (1978)  pointed  out  site  factors, 
particularly  moisture  and  winter  conditioning  temperatures,  as  being  important  factors. 
Soil  moisture  and  soil  surface  temperature  are  also  important  in  bitterbrush  seedling 
establishment  (Ferguson  1972b). 

Burning  Conditions 

The  conditions  under  which  wildfires  or  prescribed  burns  occur  can  have  an  effect 
on  bitterbrush  seedling  establishment.   Blaisdell  (1950)  reported  that  the  number  of 
bitterbrush  seedlings  varied  inversely  with  the  "intensity"  of  a  prescribed  burn. 
Sherman  and  Chilcot  (1972)  indicated  that  rodents  prefer  to  cache  seeds  in  mineral 
soil,  so  burning  must  remove  the  duff.   Driver  and  others  (1980)  observed  good 
bitterbrush  seeding  where  debris  piles  had  burned  out,  which  left  ash  and  mineral 
soil  and  removed  competition.   They  pointed  out  that  infrequent,  more  severe  fires 
may  lead  to  more  bitterbrush  seedling  establishment. 

Plant  Competition 

Competition  with  other  plants  for  moisture,  nutrients,  and  light  is  important  to 
bitterbrush  seedling  establishment.   Serious  competitors  may  be  grasses,  forbs,  shrubs,| 
or  trees.  i 

Depletion  of  soil  moisture  by  competing  vegetation  was  strongly  related  to        j 
bitterbrush  seedling  growth  and  mortality  (Hubbard  1956) .   Heavy  competition  from 
native  vegetation  and  crested  wheatgrass  was  compared  with  plots  weeded  the  first 
year  and  third  year.   After  3  years,  plants  with  no  competition  were  five  times  as 
tall  as  those  under  heavy  competition  and  suffered  only  one-third  the  mortality. 

Sanderson  (1962)  recorded  88  percent  bitterbrush  seedling  survival  in  a  rototillecj 
area  versus  4  percent  in  an  undisturbed  area  during  a  year  of  low  precipitation. 
Bitterbrush  responded  to  thinning  of  ponderosa  pine  stands  in  Washington  (McConnell 
and  Smith  1965,  1970a). 

Percent  survival  of  seedlings  in  a  seedling  spot  was  directly  and  strongly 
related  to  the  number  of  seedlings  (Ferguson  1962;  Ferguson  and  Basile  1967).   Thus, 
intraspecif ic  competition  was  less  important  than  the  many  factors  that  may  help  one 
or  more  of  the  seedlings  in  a  group  to  survive. 

Dealy  (1970)  showed  that  release  from  competition  improved  crown  cover  of 
4-year-old  bitterbrush  more  than  its  height  growth.   Protection  from  browsing  was 
more  effective  than  release  from  competition,  but  the  combination  of  the  two 
treatments  was  much  more  effective  than  either  treatment  alone. 

Dietz  and  others  (1980)  showed  that  seeded  bitterbrush  survive  two  and  a  half 
times  better  after  10  years  on  an  old  burn  site  than  in  an  open  ponderosa  pine  stand. 
Growth  was  also  better  on  the  old  burn  site. 

Bitterbrush  seedlings  have  become  established  where  slash  accumulations  have 
burned  out,  eliminating  herbaceous  vegetation  for  several  years  (Driver  and  others 
1980).  i 
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Browsing  Pressure 

Browsing  of  bitterbrush  seedlings  by  domestic  livestock  or  wildlife  reduces  growth 
and  survival.   Animals  may  browse  or  graze  in  different  ways,  but  excessive  pressure 
can  be  very  harmful.   Proper  browsing  on  adequately  established  plants  can  be 
stimulatory. 

Lightly  grazed  pasture  had  a  significantly  higher  density  of  bitterbrush  plants 
than  did  a  heavily  grazed  pasture  (McConnell  and  Smith  1970b) .   Dealy  (1970) 
indicated  that  protection  from  browsing  significantly  increased  height  and  crown 
cover  of  4-year-old  bitterbrush  seedlings.   Monsen  (this  proceedings)  has  shown 
bitterbrush  seedlings  to  establish  in  sites  protected  from  grazing,  and  Martin 
(this  proceedings)  has  shown  four  burn  sites  with  heavy  grazing  to  have  significantly 
fewer  bitterbrush  seedlings  than  other  burn  units. 

We  have  observed,  but  not  measured,  many  young  bitterbrush  seedling  groups  that 
were  completely  or  partly  clipped  off  by  either  deer  or  cattle  in  partial  or  clearcut 
ponderosa  pine  areas  after  slash  disposal. 

INSECTS  AND  DISEASES 

Insects  and  diseases  may  affect  any  phase  of  the  bitterbrush  life  cycle.   Some 
species  may  kill  plants  or  reduce  the  vigor  of  young  or  old  plants,  making  them 
susceptible  to  other  agents.   Others  may  reduce  flowering  or  viable  seed  production  or 
destroy  seed  or  young  seedlings.   A  better  understanding  of  the  insects  and  diseases 
affecting  bitterbrush  stands  is  needed,  especially  in  connection  with  various  patterns 
of  manipulation  and  use. 

Grasshoppers  damage  bitterbrush  seedlings  (Holmgren  1956) .   Edgerton  and  others 
(this  proceedings)  described  the  differential  preference  of  grasshoppers  for  various 
provenances  of  bitterbrush.   Hubbard  (1956)  described  the  destruction  of  bitterbrush 
seedlings  by  cutworms  and  wireworms,  which  destroy  the  cotyledons  and  roots, 
respectively. 

Krebill  (1972)  compiled  an  annotated  list  of  diseases  for  bitterbrush  and  other 
western  shrubs,  and  Furniss  and  Krebill  (1972)  discussed  the  effects  of  insects  and 
diseases  on  western  shrubs.   Furniss  (this  proceedings)  discusses  insect  associates 
of  bitterbrush,  and  Scholten  (this  proceedings)  mentions  insect  problems  in 
establishing  bitterbrush  in  a  wildlife  management  area, 

ARTIFICIAL  SEEDING  AND  PLANTING 

Bitterbrush  establishment  following  fire  is  presently  dependent  upon  artificial 
seeding  or  planting  in  some  areas.   Few  or  no  bitterbrush  have  been  present  or  are 
left  following  fire,  thus  making  artificial  regeneration  necessary. 

Seed  orchards  and  provenance  studies  have  been  established  in  many  areas  to 
provide  seed.   These  are  not  without  problems,  as  described  by  Edgerton  and  others, 
Shaw,  VanEpps  and  Christensen,  and  Alder  (all  in  this  proceedings) .   But  production 
of  seeds  or  seedlings  is  generally  successful.   Guidelines  for  artificially 
regenerating  bitterbrush  stands  or  factors  affecting  success  have  been  given  by 
Hormay  (1943),  Nord  (1956),  Sanderson  and  Hubbard  (1961),  Plummer  and  others 
(1968),  Dealy  (1970),  Steven  and  others  (1974),  Dietz  and  others  (1980),  and  by 
Carpenter,  Monsen,  and  Scholten  (all  in  this  proceedings). 
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SUMMARY 

Successful  regeneration  of  bitterbrush  following  fire  is  dependent  on  many  factors. 
There  is  much  overlap  between  the  needs  for  sprouting  of  old  plants  versus  natural 
seedling  establishment,  but  each  has  unique  requirements. 

Sprouting  is  dependent  on  many  factors.   Some  plants  apparently  are  genetically 
not  inclined  to  sprout  whereas  others  have  developed  lignotubers  from  which  sprouts 
emerge.   Season  of  the  year  during  which  fires  occur  doesn't  appear  to  be  as  important 
in  obtaining  sprouts  as  is  a  cool,  moist  soil  condition.   Whether  lack  of  sprouting 
following  fire  during  seed  set  and  shatter  is  a  phenological  condition  or  due  to  lack 
of  soil  moisture  has  not  been  resolved. 

Plant  age  and  competition  appear  to  affect  sprouting  ability,  as  both  can  affect 
general  plant  health  and  vigor.   The  degree  to  which  these  are  responsible  for 
sprouting  capability  again  has  not  been  determined.   Plants  in  timbered  areas  have 
displayed  less  sprouting  than  nearby  stands  in  the  open.   Animal  browsing  and 
pests  as  well  as  diseases  can  affect  plant  health  and  also  alter  sprouting  capability. 

The  amount  of  fuel  and  burning  conditions  appear  to  change  sprouting  capability, 
but  these  factors  have  not  been  separated  from  other  factors.   Generally,  fuel  buildup 
will  be  greater  in  timber  stands,  thus  confounding  fuel  load  with  tree  competition. 

A  cool  moist  soil  is  a  primary  factor  aiding  bitterbrush  sprouting.   This  factor 
alone  will  not  cause  good  sprouting;  some  other  critical  factors  may  not  be  present. 

Human  protection  of  some  stands  to  the  point  where  they  are  old  and  decadent, 
where  excessive  fuel  has  accumulated,  plant  competition  has  developed,  or  the  plants 
have  not  developed  sprouting  capability,  has  actually  led  to  bitterbrush  stands  that 
are  more  susceptible  to  fire. 

Natural  seedling  establishment  following  fire  depends  on  seed  supply,  rodent 
population,  site  conditions  in  critical  seedling  years,  plant  competition,  burning 
conditions,  and  browsing  pressure.   Generally,  a  good  year  to  get  seedlings  started 
requires  an  excellent  seed  crop,  a  proper  balance  of  rodents  to  cache  the  seed  but 
not  use  it  all,  and  a  growing  season  in  which  soil  moisture  is  not  depleted  too 
quickly.   Plant  competition  and  site  conditions  are  factors  in  soil  moisture 
depletion.   Freezing  and  excessive  heat  may  also  be  critical  site  factors.   Burning 
conditions  that  destroy  plant  competition  and  create  a  good  ash  and  mineral  seedbed 
can  aid  establishment.   Finally,  excessive  browsing  and  grazing  by  domestic  livestock 
or  wildlife  can  contribute  to  mortality  or  retard  growth  of  bitterbrush  seedlings. 
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They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  con- 
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Deterministic  IVIodel 


Dale  L.  Bartos,  Fredericic  R.  Ward, 
and  George  S.  Innis 


INTRODUCTION 

The  aspen  (Populus  tremuloides  Michx.)  ecosystem  is 
prevalent  in  the  mountainous  West  (Little  1971).  This  system 
produces  multiple  resources  including:  water,  wildlife  habitat, 
recreational  sites,  summer  grazing  for  domestic  livestock,  wood 
fiber,  and  esthetics. 

To  manage  the  aspen  system  and  its  resources  intelligently, 
we  must  understand  the  natural  forces  acting  upon  and  within 
the  ecosystem.  When  we  understand  the  dynamics  of  the  vege- 
tation, we  can  make  valid  judgments  concerning  management 
of  these  lands  for  the  resources  mentioned  above.  The  process 
of  succession  also  needs  to  be  better  understood  so  that  the 
successional  position  of  a  particular  stand  can  be  identified  and 
the  stand  managed  accordingly. 

Much  of  successional  theory  has  been  developed  for  mesic, 
temperate  forests.  Many  of  these  theories  have  been  incor- 
porated into  simulation  models  tracking  the  dynamics  of  the 
forested  system  following  disturbance.  Shugart  and  West  (1980) 
review  much  of  this  literature  and  Trimble  and  Shriner  (1981) 
inventory  many  of  the  published  and  unpublished  models. 

More  than  200  years  is  required  for  conifers  to  invade  and 
dominate  aspen  forests.  Long-term  intensive  studies  are  not 
feasible  to  answer  pressing  and  current  management  problems. 
Using  existing  data  and  intuition,  Bartos  (1973,  1978)  developed 
a  simulation  model  as  an  aid  to  understanding  the  dynamics  of 
the  aspen  system.  We  have  revised  this  model  by  reducing  the 
number  of  parameters,  while  still  retaining  the  structure  and 
behavior  of  the  model. 

The  model  presented  here  considers  a  site  as  a  homogeneous 
unit  on  which  plants  (trees,  shrubs,  and  herbs)  are  growing. 
Because  the  model  addresses  average  conditions  on  an  area,  it 
is  more  like  the  model  of  Noble  and  Slatyer  (1977)  than  the 
family  of  models  produced  by  Botkin,  his  associates  and 
followers  (Botkin  1977;  Botkin  and  others  1972a,  b;  Shugart 
and  West  1977).  Our  model  is  concerned  with  the  alternative 
fates  of  an  aspen/conifer  site  following  a  major  disturbance 
(fire  or  clearcut).  These  alternatives,  described  by  Mueggler 
(1976),  include  succession  to  conifers,  remaining  in  aspen,  or 
succession  to  meadow,  again  suggesting  the  Noble  and  Slatyer 
model.  To  date,  our  model  treats  only  the  first  alternative.  Im- 
plementation of  other  alternatives  is  straightforward,  depending 
only  on  the  identification  of  mechanisms  responsible  for  the 
alternate  pathways. 

Our  model  is  most  like  that  of  Sperger  (1980),  although  the 
latter  model  is  very  elaborate.  Sperger  includes  many  more  size 


classes  in  his  model  so  that  he  can  predict  the  size  class  distri- 
bution of  the  forest  at  any  age.  We  deal  with  aspen  and  conifer 
reproduction  in  three  different  size  classes,  and  beyond  that  we 
consider  only  biomass.  Therefore,  our  model  requires  less  data 
than  Sperger's  model  for  a  particular  run. 

With  all  the  published  successional  models,  why  do  we  pre- 
sume to  build  another?  First,  much  of  the  utility  in  a  modeling 
exercise  derives  from  the  design  and  construction  of  the  model 
(Innis  1972;  Odum  1981).  This  utility  is  denied  one  who  at- 
tempts to  use  another's  model.  Because  models  are  specific  to 
their  applications,  model  building  begins  with  statements  of  the 
objectives.  Each  of  the  published  models  has  different  objec- 
tives and,  consequently,  different  structure.  We  must  appreciate 
this  dependence  on  objectives  when  evaluating  a  model. 

In  addition  to  the  "standard"  run  showing  succession  in  the 
aspen  forest  following  a  disturbance,  this  paper  includes 
responses  of  the  model  to  common  management  techniques.  As 
an  aid  to  interpretation  of  model  results,  an  indication  of  the 
distribution  of  the  model  results  as  a  function  of  uncertainty  of 
the  parameter  values  used  is  presented.  The  model  is  very  sensi- 
tive to  changes  in  some  parameter  values,  and  this  sensitivity  is 
discussed. 

Model  Objective 

Our  objective  was  to  develop  a  streamlined  simulation  model 
that  would  predict  the  dynamic  nature  of  vegetation  compo- 
nents within  the  aspen  system  and  how  these  components 
change  during  the  successional  process.  This  model  should  ap- 
ply to  most  aspen  lands  in  the  western  United  States  and 
should  aid  natural  resource  managers  in  their  decisionmaking 
process.  In  addition,  a  good  responsive  model  would  aid  in 
studying  the  aspen  system.  Such  a  model  would  provide  an  ex- 
cellent basis  on  which  to  develop  a  problem  analysis  for  future 
research.  Individual  studies  could  be  conducted  to  more  accu- 
rately estimate  the  most  sensitive  parameters. 

Several  terms  in  this  statement  of  objectives  require  further 
elaboration:  1.  "Dynamic"  implies  changes  over  time  in  the 
various  vegetation  components  of  the  system.  2.  "Vegetation 
component"  refers  to  only  the  aboveground  biomass  for  wood 
(aspen  and  conifers)  and  herbage  (shrub  and  herb  species).  3. 
"Successional  process"  is  the  dynamics  of  a  vegetation  unit  as 
it  progresses  towards  a  community  that  is  in  a  steady  state  (cli- 
max) relationship  with  the  environment.  We  are  concerned  only 
with  secondary  succession— where  the  soil  may  remain  at  a  fair- 
ly advanced  stage  of  development  while  the  plant  community  is 
set  back  to  an  earlier  stage  because  of  a  disturbance. 


4.  "General  model"  implies  flexibility  to  apply  the  model  to 
different  sites  which  have  similar  environmental  conditions. 
The  model  needs  to  assimilate  disconnected  bits  of  information 
and  predict  within  reason  the  results  of  management  practices. 

While  this  objective  statement  sets  the  general  tone  of  the 
modeling  effort,  a  more  explicit  set  of  issues  must  be 
addressed: 

1 .  Does  the  modeled  successional  pattern  fit  the  intuition  of 
experts? 

2.  Does  the  model  respond  reasonably  to  management 
actions? 

3.  Without  major  influences  from  conifers  and  herbs,  is  an 
aspen  community  able  to  stabilize  for  long  periods  of  time? 

4.  What  are  the  sensitivities  of  these  predictions  to 
parameter  estimates,  site  condition  assignments,  initial  condi- 
tions, and  functional  forms  of  flows? 

5.  What  additional  research  is  needed  to  make  this  model  a 
more  accurate  simulation  of  the  consequences  of  succession? 

Assumptions 

Several  assumptions  were  made  to  facilitate  initial  model 
development  and  subsequent  updates.  The  initial  assumptions 
are:  1 .  The  system  stressed  will  have  conifers  on  or  near  it  to 
provide  a  seed  source  when  the  site  is  disturbed.  2.  Aspen  are 
present;  therefore,  a  root  source  exists  to  provide  a  flush  of 
aspen  suckers  when  the  site  is  disturbed.  3.  The  damaged  site 
will  be  small  enough  to  be  homogeneous  with  respect  to  soil 


characteristics  and  abiotic  factors.  4.  Disturbance  will  be  by 
burning;  some  root  crowns  of  perennial  herbs  will  not  be 
killed  and  total  herb  production  will  be  temporarily  stimu  - 
lated  when  the  site  is  disturbed.  (The  community  could  quite 
conceivably  be  stressed  by  cutting  the  overstory  trees  and 
similar  responses  might  be  observed.) 

MODEL  STRUCTURE 

The  major  components  of  interest  in  this  model  are  aspen, 
conifers,  shrubs,  and  herbs.  These  regenerate,  grow,  and  die  at 
rates  affected  by  the  various  components  (fig.  1).  Soil  and 
climate  are  not  explicitly  treated  in  the  model  but  are  reflected 
in  site-specific  parameters  such  as  growth  rate,  regeneration 
rate,  and  maximum  biomass  of  the  various  compartments.  The 
mathematical  model  is  a  set  of  simultaneous  difference  equa- 
tions. The  model  was  coded  in  FORTRAN  V  and  runs  on  a 
variety  of  computers.  (A  complete  listing  of  the  computer  program 
is  presented  in  appendix  A.)  The  model  is  deterministic,  not 
stochastic,  in  nature.  Parameter  values  used  (see  appendix  C) 
reflect  long-term  averages  adjusted  for  the  step  size,  which  we 
set  at  1  year. 

Primary  concern  is  aboveground  biomass  (kg/ha)  of  the  four 
major  state  variables.  Aspen  suckers  and  conifer  seedlings, 
however,  are  treated  in  three  size  categories  on  the  basis  of 
density  because  growth,  mortality,  and  interactions  with  other 
compartments  are  very  different  for  the  suckers  and  seedlings 
than  for  mature  individuals  and  should  be  handled  in  a  differ- 
ent fashion. 
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FlgureL— Summary  flow  diagram  of  major  compartments  in  the  ASPEN  model 


The  aspen  reproduction  categories  are:  ASP  I,  aspen  suckers 
less  than  0.5  meters  tali;  ASP2,  suckers  between  0.5  and  2 
meters  tall;  and  ASP3,  suckers  over  2  meters  tali  but  less  than 
5  cm  d.b.h.  All  aspen  reproduction  is  considered  to  be 
vegetative.  For  conifers  the  three  categories  of  seedlings  are 
CONl,  CON2,  and  CON3,  defined  according  to  the  same  size 
structure  as  the  aspen  suckers.  CONl  seedlings  are  considered 
to  be  established  (to  have  persisted  on  the  site  for  at  least  3 
years)  to  avoid  dividing  them  into  several  subgroups.  Time  for 
passage  through  these  subgroups  is  accounted  for  by  a  time 
delay.  Thus,  no  regeneration  into  CONl  is  allowed  for  a  few 
years  (3  to  10  depending  on  the  site)  after  the  initial  dis- 
turbance. The  numbers  of  individuals  graduating  from  ASP3 
and  CON3  are  converted  to  biomass  using  average  weights  of 
5  cm  d.b.h.  aspen  and  conifer  and  constitute  the  regenera- 
tion flows  from  the  source  to  the  biomass  compartments  of 
aspen  and  conifer.  These  two  major  compartments  contain  the 
biomass  only  of  individuals  larger  than  5  cm  d.b.h. 

In  the  case  of  shrubs,  mature  plants  were  not  considered  suf- 
ficiently different  from  the  young  ones  to  warrant  separate 
treatments;  so  the  shrub  compartment  contains  individuals  of 
all  sizes. 

The  herb  compartment  was  subdivided  into  annuals  and  per- 
ennials. Because  only  the  aboveground  biomass  is  considered, 
these  compartments  are  totally  depleted  each  year.  Production 
was  not  separated  into  reproduction  and  growth. 

Flows  representing  regeneration,  growth,  production,  or 
graduation  are  controlled  by  the  product  of  a  maximum  rate 
with  two  or  more  inhibiting  functions  having  values  which 
range  over  the  interval  from  0  to  1 .  For  example,  the  gradua- 
tion of  conifer  seedlings  from  CON3  to  CON  is  given  by 
FLOW27  =  CON3  *  P(lOl)  ♦  Zl  ♦  Z2  where  P(lOl)  gives  the 
maximum  graduation  rate  allowed,  Zl  =  1  -  0.5  *  PASP  gives 
the  restriction  of  the  aspen,  and  Z2  =  1  -  0.7  *  PCON  gives 
the  restriction  of  the  conifers.  The  maximum  rates  are  given  by 
parameters  reflecting  site  characteristics,  and  the  functions 
represent  restrictions  imposed  on  that  fiow  by  various  compart- 
ments. The  independent  variable  for  each  restricting  function  is 
taken  to  be  the  ratio  of  the  present  value  to  the  maximum  pos- 
sible value  of  the  inhibiting  compartments,  rendering  these 
functions  independent  of  site. 

With  one  exception,  the  influence  of  aspen  on  conifer  repro- 
duction which  will  be  discussed  later,  these  inhibiting  functions 
are  nonincreasing.  When  the  inhibiting  compartment  has  a 
value  of  zero,  the  ratio  of  present  to  maximum  value  is  zero 
and  the  inhibiting  function  has  a  value  of  1  (no  restriction).  As 
the  value  of  the  inhibiting  compartment  increases,  the  ratio  of 
that  value  to  the  maximum  increases  and  the  value  of  the  in- 
hibiting function  decreases  below  1  so  that  there  is  a  more 
stringent  restriction. 

The  inhibiting  functions  were  suggested  in  graphic  form  by 
members  of  the  Aspen  Ecosystem  Project  (INT-RWU-1751)  at 
the  Intermountain  Station's  Forestry  Sciences  Laboratory  in 
Logan,  Utah.  We  then  fitted  these  curves  with  functions  and 
they  were  approved  by  consensus  of  the  project  scientists  as  ex- 
hibiting appropriate  behavior. 

All  compartments  other  than  sources  and  sinks  were  consid- 
ered to  have  potential  influence  on  a  flow.  If  this  influence  was 
considered  quite  minor,  as  in  the  case  of  herbage  on  growth  of 
large  conifers,  it  was  omitted.  In  cases  where  intensive  in- 
vestigation has  yielded  more  detailed  knowledge,  the  influences 
were  considered  separately,  but  where  less  was  known  the  in- 
fluences were  pooled.  For  instance,  the  three  aspen  sucker  com- 


partments separately  affect  the  regeneration  of  ASP  1,  but  the 
three  conifer  seedling  compartments  are  pooled  into  one  com- 
partment, which  has  a  single  restriction  on  ASPl  regeneration. 
The  detailed  discussion  of  the  model  structure  includes  graphs 
of  the  functions  restricting  the  flows  into  the  various  compart- 
ments. Each  graph  is  accompanied  by  its  equation,  and  the 
flow  equations  into  and  out  of  each  compartment  are  given. 

Each  mortality  flow  in  the  model  is  a  fixed  percentage  of  the 
value  of  the  compartment  from  which  the  flow  originates;  for 
example,  the  mortality  of  conifers  is  given  by  the  equation 
FLOW6  =  CON  *  P(105).  In  the  biomass  compartments 
"mortality"  is  interpreted  to  include  the  loss  of  portions  of  a 
plant  as  well  as  of  entire  plants.  These  mortality  rates  are  site- 
specific  parameters.  During  the  model  building  process  there 
was  much  discussion  concerning  the  mechanisms  which  limit  a 
compartment  to  some  maximum  value.  In  the  absence  of  firm 
knowledge  as  to  whether  (1)  the  mortality  rate  increases  to  sur- 
pass the  growth  rate,  (2)  the  growth  rate  drops  to  the  mortality 
rate,  or  (3)  the  growth  rate  decreases  over  time  as  the  mortality 
rate  increases,  it  was  decided  to  hold  mortality  constant  and 
decrease  growth  from  some  maximum  value  by  means  of  the 
various  restrictions.  In  the  aspen  compartment,  for  example, 
maximum  growth  rate  is  set  at  8  percent  per  annum  and  mor- 
tality rate  is  set  at  3  percent  per  annum.  This  allows  for  a  net 
growth  of  8  percent  -  3  percent  =  5  percent  per  annum  in  the 
extreme  case  that  little  aspen  and  no  conifer  is  present  to  curtail 
the  growth  rate.  A  heavy  conifer  stand,  however,  would  restrict 
aspen  growth  rate  to  nearly  zero,  yielding  a  net  growth  of 
0  percent  -  3  percent  =  -  3  percent  per  annum,  the  mortality 
rate. 

Large-scale  losses,  such  as  those  induced  by  disease  or  insect 
infestation,  are  outside  the  purview  of  the  model.  One  could 
treat  such  high  mortality,  however,  by  stopping  the  simulation 
and  restarting  with  new  initial  values  that  reflect  the  appro- 
priate loss. 

At  the  beginning  of  a  simulation  run  the  computer  assigns 
and  prints  the  maximum  possible  values  of  various  compart- 
ments (code  11100-13700).  The  maximum  value  of  a  compart- 
ment represents  the  level  that  compartment  could  contain  in  the 
absence  of  any  competition  from  other  compartments.  Input 
parameters  give  the  maximum  values  of  mature  aspen,  mature 
conifer,  shrubs,  annuals,  perennials,  the  three  aspen  sucker 
classes,  the  three  conifer  seedling  categories,  the  pooled 
biomass  equivalent  of  the  conifer  seedlings,  the  pooled  biomass 
equivalent  of  the  aspen  suckers,  and  the  combined  biomass 
possible  for  shrubs  and  aspen  suckers.  Maximum  herbage  is  the 
sum  of  the  maxima  of  the  annual  and  perennial  compartments. 

Some  initial  values  are  assigned  through  parameters  and 
others  are  computed  from  those  values  assigned  (code 
14400-18100).  Those  assigned  are  for  aspen  and  its  three  sucker 
classes,  conifer  and  its  three  seedling  classes,  annuals,  peren- 
nials, shrubs,  and  number  of  mature  conifers.  Those  computed 
include  total  herbs  and  other  combinations  of  compartments 
with  assigned  initial  values. 

Computation  of  flows  requires  that  ratios  of  present  value  to 
maximum  possible  value  for  numerous  compartments  be  com- 
puted at  each  time  step  (code  24700-27700).  The  FORTRAN 
name  for  such  a  ratio  is  the  FORTRAN  name  for  the  compart- 
ment with  a  prefix  of  P;  for  instance,  PASP  stands  for  the 
ratio  of  aspen  present  to  aspen  possible.  Should  such  a  ratio 
exceed  1 ,  the  value  of  the  corresponding  inhibitor  function 
becomes  negative,  which  causes  anomalous  behavior;  so  a 
check  is  made  to  reset  the  ratio  to  1  in  case  its  computed  value 
exceeds  1 . 
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Regeneration  and  mortality  of  ASP  1  (code  28000-29600)  are 
diagramed  in  figure  2.  ASPl  mortality  is  given  by  FLOW  15  = 
ASPl  *  P(41),  where  P(41)  is  the  site-specific  mortality  rate. 
ASP  I  regeneration  is  given  by  FLOW  14  =  P(40)  *  Zl  *  Z2  * 
Z3  *  Z4  *  Z5  *  Z6  *  Z7  where  P(40)  is  the  site  specific  rate  and 
the  factors  Zl,  Z2,  Z3,  Z4,  Z5,  Z6,  and  Z7  are  the  restrictions 
contributed  by  ASP,  CON,  SHU,  ASPl,  ASP2,  ASP3,  and 
CONN  respectively  (fig.  3).  Note  that  as  the  ratio  of  present  to 
maximum  possible  biomass  goes  from  0  to  1 ,  the  corresponding 
restriction  increases  from  1  (no  restriction)  to  a  fraction 
nearer  0. 
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Figure  2.— Flow  diagram  depicting  regeneration  and  mortality  of  ASPL 
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Figure  3.— Functions  that  inhibit  the  regeneration  of  ASP1. 


Each  year  some  fraction  of  the  ASPl  is  allowed  to  graduate 
to  ASP2  and  a  fixed  proportion  of  the  ASP2  die  (code 
29700-31300).  The  tlows  are  diagramed  (fig.  4)  and  the  nature 
of  the  restrictions  is  shown  in  figure  5.  The  ASPl  restriction  is 
considered  negligible  in  this  case,  but  the  herbs  are  not.  While 
the  herbs  may  not  restrict  suckering  of  aspen,  they  do  compete 
with  the  young  suckers  for  light. 
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Figure  4.— Flow  diagram  depicting  graduation  from  ASP1  to  ASP2  and 
mortality  from  ASP2. 
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Figure  5.— Functions  that  Inhibit  the  graduation  of  ASP1. 


Graduation  from  ASP2  to  ASP3  and  mortality  of  ASP3 
(code  31400-32800)  are  shown  in  figure  6.  At  this  point  restric- 
tions due  to  herbs  and  ASP2  are  considered  negligible.  Inhibi- 
tions from  the  other  compartments  are  graphed  in  figure  7. 
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Figure  6.— Flow  diagram  depicting  graduation  from  ASP2  to  ASP3 
and  mortality  from  ASPS. 
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Figure  7.— Functions  that  inhibit  the  graduation  of  ASP2. 


To  ensure  a  conservative  system,  graduation  from  ASP3 
(code  32900-33600)  is  shown  in  figure  8  as  going  to  the  sink. 
The  sum  of  the  values  in  the  three  aspen  sucker  compartments 
and  their  source  and  sink  should  remain  constant.  Only  the 
conifer,  aspen,  and  shrub  compartments  have  identifiable 
restrictions  on  the  flow  (fig.  9). 
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Figure  8.— Flow  diagram  depicting  graduation 
of  ASPS. 
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FLOW  20  =   ASP 3   *   P(65)    *    Zl    *   Z2    *   Z3 
Figure  9.— Functions  that  inhibit  the  graduation  of  ASPS. 
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There  are  two  flows  from  the  source  to  ASP  in  figure  10. 
The  lower  flow  is  simply  the  conversion  of  ASP3  graduation 
from  numbers  to  biomass  (code  33700-34100).  The  upper  flow 
from  the  source  and  the  flow  to  the  sink  represent  aspen 
growth  and  mortality  (code  342(X)-35300).  The  restrictions  of 
the  aspen  and  conifer  on  aspen  growth  are  shown  in  figure  1 1 . 
The  restriction  due  to  aspen  itself  is  such  that  the  product  of 
the  restriction  with  the  growth  rate  would  equal  the  mortality 
rate  slightly  before  maximum  biomass  is  reached.  This  produces 
a  net  mortality  as  aspen  biomass  approaches  maximum  so  that 
aspen  biomass  will  not  continue  to  increase  past  maximum  due 
to  graduation  from  ASP3. 
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Figure  10.— Flow  diagram  depicting  regeneration,  growth, 
and  mortality  of  aspen  (ASP). 
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Figure  11.— Functions  that  inhibit  the  growth  of  aspen. 
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Regeneration  and  mortality  of  CON  1  (code  35400-37600)  are 
diagramed  in  figure  12.  As  in  the  case  of  ASP  1,  the  relative 
mortality  and  maximum  rate  of  regeneration  are  site  specific. 
All  compartments  except  CONl  affect  the  regeneration  rate, 
though  annuals  and  perennials  are  pooled  as  a  single  effect  in 
HERB  and  the  aspen  suckers  are  converted  to  biomass  and 
pooled  with  shrubs  as  SHUH  (fig.  13).  The  restriction  of  aspen 
on  CONl  regeneration  is  the  only  inhibiting  function  which  is 
not  strictly  decreasing.  This  deviation  from  the  norm  was 
designed  to  account  for  a  "nurse"  effect  of  aspen  on  conifer 
regeneration.  Controversy  revolves  around  this  point,  however, 
with  some  arguing  that  there  is  no  positive  effect  from  aspen 
on  the  conifer  seedlings. 
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Figure  12.— Flow  diagram  depicting  regeneration  and  mortality 
of  CONL 
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Figure  13.— Functions  that  inhibit  the  regeneration  of  C0N1. 
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Graduation  of  CON  1  to  CON2  and  mortality  of  CON2 
(code  37500-39000)  are  diagramed  in  figure  14.  The  graduation 
is  affected  by  the  same  compartments  as  is  regeneration 
(fig.  15). 
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Figure  14.—FI0W  diagram  depicting  graduation  of  C0N1  toCON2 
and  mortality  of  C0N2. 
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Figure  15.— Functions  that  inhibit  the  graduation  of  CONl. 
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The  diagram  of  CON2  graduation  and  CON3  mortality  (code 
39100-40400)  is  in  figure  16.  In  the  graduation  of  CON2  the 
herbs,  shrubs,  and  aspen  suckers  are  no  longer  considered 
significant  factors.  The  remaining  inhibitions  are  shown  in 
figure  17. 
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Figure  16.— Flow  diagram  depicting  graduation  of 
C0N2  to  CONS  and  mortality  of  C0N3. 
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Figure  17.— Functions  that  inhibit  the  graduation  of  C0N2. 
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Like  ASP3,  the  CON3  seedlings  graduate  to  a  numbers  sink 
(code  40500-41 100)  (fig.  18)  with  restrictions  (fig.  19).  The  sum 
of  the  values  in  the  source,  the  sink,  and  the  three  seedling 
compartments  should  remain  constant  over  the  years.  Because 
the  mortality  applied  to  the  conifer  numbers  (code 
42400-42800)  is  the  same  fraction  as  that  applied  to  the  conifer 
biomass,  all  the  loss  of  smaller  limbs  shows  up  as  loss  of  tree 
numbers,  so  that  the  numbers  estimate  grows  continually 
smaller  and  average  tree  size  estimates  are  too  large. 
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Figure  18.— Flow  diagram  depicting 
graduation  of  C0N3. 
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Figure  19.— Functions  that  inhibit  the  graduation  of  CONS. 


17 


The  two  flows  into  the  conifer  compartment  from  the  source 
and  the  single  flow  out  to  the  sink  are  shown  in  figure  20.  The 
lower  flow  from  the  source  is  the  conversion  of  CON3  gradua- 
tion to  biomass  (code  41200-41600).  The  outflow  is  mortality 
(code  429(X)-433(X)),  and  the  upper  flow  is  in  conifer  growth 
(code  41700-42300),  which  is  affected  only  by  aspen  and  the 
conifer  itself  (fig.  21).  The  manner  in  which  aspen  affects  con- 
ifer growth  is  quite  critical  and  parameter  103,  which  gives  the 
maximum  restriction  of  aspen  on  conifer  growth,  is  probably 
the  one  to  which  the  model  is  most  sensitive.  Changing  this 
curve  can  drastically  alter  the  response  of  the  system.  The  in- 
hibition of  CON  on  CON  growth  is  designed,  as  in  the  case 
with  aspen,  to  prevent  an  increase  beyond  maximum  biomass  in 
the  CON  compartment  due  to  infiux  from  CON3  graduation. 
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Figure  20.— Flow  diagram  depicting  regeneration,  growth,  and 
mortality  of  conifer  (CON). 
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Figure  21.— Functions  that  inhibit  the  growth  of  conifer. 
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Production  and  mortality  of  annuals  (code  43400-44700)  are 
diagramed  in  figure  22.  All  other  compartments  affect  produc- 
tion, but  the  conifer  seedling  effects  are  pooled  into  CONN 
and  the  aspen  suckers  act  together  with  the  shrubs.  These 
restrictions  are  graphed  in  figure  23.  Because  the  time  step  is  1 
year,  the  relative  mortality  is  1 .  Sensitivity  of  the  system  to  the 
various  parameters  in  this  portion  of  the  program  is  very  slight, 
and  the  herbs  should  probably  not  be  subdivided  into  the  two 
compartments. 
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Figure  22.— Flow  diagram  depicting  production  and  mortality 
of  annuals. 
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Figure  23.— Functions  that  inhibit  the  production  of  annual  herbs. 
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Perennial  production  and  mortality  flows  (code  44800-46100) 
are  shown  in  figure  24.  Since  only  the  aboveground  biomass  is 
considered,  mortality  is  considered  to  be  100  percent  per  an- 
num. Restrictions  on  production  are  graphed  in  figure  25. 
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Figure  24.— Flow  diagram  depicting  production  and  mortality 
of  perennials. 
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Figure  25.— Functions  that  inhibit  the  production  of  perennial  herbs. 
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Regeneration,  growth,  and  mortality  (code  46200-48800)  of 
shmbs  are  diagramed  in  figure  26  with  restrictions  shown  in 
figures  27  and  28.  Regeneration  is  on  a  biomass  basis,  rather 
than  a  numbers  basis  as  it  was  for  aspen  and  conifer  reproduc- 
tion. All  compartments  including  the  shrub  compartment  affect 
the  regeneration  rate.  All  compartments  also  inhibit  the  growth 
of  shrubs,  though  effects  of  some  are  pooled.  The  restriction  of 
shrubs  on  shrub  growth  is  similar  to  that  of  aspen  and  conifer 
on  their  respective  growths — net  growth  is  blocked  just  prior  to 
maximum  possible  biomass  so  that  new  input  from  regenera- 
tion will  not  raise  the  biomass  beyond  the  maximum  stated,  as 
might  happen  if  aspen  and  conifer  were  absent  from  the  site. 

After  all  the  flows  for  one  time  step  have  been  computed, 
time  and  the  compartment  values  are  updated  (code 
48900-53200).  Thus,  all  values  in  one  step  are  completely  deter- 
mined by  the  values  in  the  preceding  step,  except  that  time  may 
influence  CONl  regeneration  because  a  few  years  are  required 
for  seedlings  to  become  established. 
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Figure  26.— Flow  diagram  depicting  regeneration,  growth, 
and  mortality  of  shrubs. 
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Figure  27.— Functions  that  inhibit  the  regeneration  of  shrubs. 
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Figure  28.— Functions  that  inhibit  the  growth  of  shrubs. 
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MODEL  RESULTS 
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The  model  results  are  quite  realistic.  Although  no  one  has 
directly  observed  400  years  of  succession  in  the  Intermountain 
West,  experts  agree  that  the  model  output  for  a  typical  site 
fits  their  expectations  developed  from  observations  of  a  series  of 
existing  sites. 

Results  of  the  model  for  400  years  following  a  hot  fire  are 
shown  in  figure  29  (a,  b,  c).  In  this  "standard  run  "  it  is 
assumed  that  maximum  biomass  possible  for  the  major 
compartments  is  200  000  kg/ha  for  aspen,  250  000  kg/ha  for 
conifer,  10  000  kg/ha  for  shrubs,  and  4  000  kg/ha  for  herbs. 
While  peak  aspen  biomass  (191  000  kg/ha)  occurs  in  the  132d 
year,  the  aspen  biomass  exceeds  190  000  kg/ha  for  approx- 
imately 40  years.  The  conifers  come  in  much  more  slowly  and 
conifer  biomass  does  not  exceed  aspen  biomass  until  nearly  300 
years  after  the  disturbance.  After  400  years  the  conifer  biomass 
is  202  000  kg/ha  and  still  increasing  slightly.  The  shrubs  peak 
in  the  80th  year  with  7  050  kg/ha  and  herbs  peak  the  eighth 
year  with  a  biomass  of  2  700  kg/ha.  Graphs  of  biomass  versus 
time  for  these  major  compartments  are  shown  in  figure  29a. 
Aspen  suckers  come  in  quite  rapidly  (fig.  29b),  peaking  within 
the  first  few  years,  but  then  they  decline  rapidly.  The  smallest 
size  class  (ASP  1 )  is  the  most  numerous.  The  number  of  conifer 
seedlings  gradually  increases  to  a  peak  value  about  3(X)  years 
following  the  disturbance  and  then  decreases  again,  the  small 
seedlings  being  more  numerous  (fig.  29c). 


400 


Figure  29a.— Biomass  of  four  major 
system  components  graphed  against 
time  for  "standard  run"  in  which  all 
parameters  are  at  nominal  levels. 


Figure  29b.— Density  of  three  classes 
of  aspen  suckers  graphed  against 
time  for  "standard  run"  in  which  all 
parameters  are  at  nominal  levels. 


Figure  29c.— Density  of  three  classes 
of  conifer  seedlings  graphed  against 
time  for  "standard  run"  in  which  all 
parameters  are  at  nominal  levels. 
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By  changing  the  maximum  rate  at  which  conifer  seedlings 
become  established  (parameter  79),  from  1 ,000  to  10,000,  an 
earlier  dominance  of  conifers  is  obtained  (fig.  30).  This  results 
in  an  earlier  suppression  of  the  other  compartments  and  a 
shorter  time  period  for  conifers  to  approach  maximum. 
Although  such  behavior  may  occur  in  the  Intermountain  area, 
it  is  probably  more  typical  of  aspen  woodlands  of  the  Upper 
Midwest. 
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Figure  30.— Biomass  of  four  major 
system  components  graphed  against 
time  for  case  simulating  rapid 
regeneration  of  conifers. 


If  other  disturbances  are  not  allowed  and  if  conifer  seedlings 
do  not  become  established  (no  seed  source),  the  values  in  the 
other  compartments  remain  much  higher  (fig.  31)  throughout 
the  simulation  run. 

In  figure  32  an  aspen  harvest  is  simulated  at  90  years  in  the 
successional  process  to  favor  conifer  production  on  the  site. 
Conifer  growth  is  shown  to  be  enhanced  by  that  harvest;  in 
just  270  years  it  attains  the  value  achieved  in  400  years  in  the 
"Standard  run,  "  and  after  400  years  it  is  close  to  its  maximum 
biomass.  Immediately  after  the  aspen  harvest,  the  shrubs  and 
herbs  increase  but  are  quickly  suppressed  again  by  the  rapidly 
growing  conifers.  Aspen  comes  in  again  after  the  harvest  but 
peaks  at  only  85  000  kg/ha  and  is  almost  eliminated  by  the 
400th  year.  Aspen  regeneration  is  stimulated  by  the  harvest  of 
aspen  overstory,  but  establishment  of  conifer  seedlings  is  sup- 
pressed (fig.  33).  This  situation  brings  up  a  controversial  point 
in  the  model:  the  effect  of  aspen  on  conifer  seedling  regenera- 
tion. Foresters  differ  as  to  the  influence  of  aspen  on  conifer 
regeneration,  and  it  was  decided  to  use  a  positive  influence  in 
this  model.  This  positive  effect  on  conifer  regeneration  is  par- 
tially due  to  the  ameliorating  effects  aspen  has  on  soil  surface 
temperatures  (Sperger  1980).  It  is  accomplished  by  having  the 
aspen  restriction  on  conifer  regeneration  decrease  as  aspen 
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Figure  31.— Biomass  of  four  major 
system  components  graphed  against 
time  for  case  in  which  there  is  no 
conifer  regeneration. 
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Figure  32.— Biomass  of  four  major 
system  components  graphed  against 
time  for  case  in  which  aspen  is 
harvested  at  90  years. 
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Figure33.— Density  of  conifer  seedlings 
in  case  where  aspen  overstory  is 
harvested  at  90  years. 

biomass  increases.  Thus,  harvest  of  the  aspen  overstory  imposes 
a  restriction  on  the  regeneration  of  conifer.  This  influence 
merits  further  investigation.  However,  even  if  no  influence  of 
aspen  on  conifer  regeneration  is  allowed,  the  conifer  biomass  in 
the  300th  year  is  only  1.9  percent  higher  for  the  "standard  run," 
while  peak  biomass  for  shrubs,  aspen,  and  herbs  changes  very 
little. 

A  more  typical  clearcutting  situation  is  shown  in  figure  34. 
Here  all  the  overstory  conifers  and  half  the  conifer  seedlings 
are  removed  at  300  years.  Also,  half  the  mature  aspen  biomass 
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Figure  34.— Biomass  of  four  major 
system  components  graphed  against 
time  for  case  in  which  conifer  and 
aspen  are  harvested  at  300  years. 


is  removed  by  harvesting.  The  next  300  years  are  very  similar  to 
the  first  300  except  that  aspen  peaks  a  little  more  quickly  and 
at  a  somewhat  higher  value.  One  should  bear  in  mind  that  this 
second  peak  does  not  represent  the  even-aged  stand  represented 
by  the  first  peak. 

The  major  shortcoming  of  the  model  is  lack  of  confidence  in 
the  parameter  values  used.  It  is  quite  possible  that  widely  dif- 
fering sets  of  parameters  can  give  very  similar  model  results. 
On  the  other  hand,  slightly  differing  parameters  can  yield  wide- 
ly differing  results.  To  demonstrate  the  degree  of  uncertainty  in 
the  model,  32  simulation  runs  (variations  on  the  "  standard  run" 
were  made.  Parameters  for  the  maximum  production  rates  of 
annuals  and  perennials  and  for  the  maximum  values  of  the 
aspen,  conifer,  shrub,  annual,  and  perennial  compartments 
were  fixed  for  the  "typical"  site  investigated  and  the  initial 
value  for  number  of  conifers  was  held  at  zero.  At  the  start  of 
each  of  these  32  runs,  each  of  the  remaining  130  parameter 
values  was  picked  at  random  from  a  uniform  distribution  over 
the  range  of  values  considered  possible  for  that  parameter  (ap- 
pendix C)  and  held  for  the  duration  of  the  run.  Choice  of 
parameters  was  not  always  completely  random,  however; 
checks  were  made  to  ascertain  that  the  sum  of  relative  fiow 
rates  from  a  compartment  did  not  exceed  1  and  that  aspen 
growth  rate  never  exceeded  the  conifer  growth  rate.  The  basic 
shapes  of  the  resulting  graphs  were  much  the  same  in  all  cases. 
That  is,  if  appropriately  different  scales  were  used  for  the  32 
graphs  of  any  major  compartment,  they  would  be  quite  similar 
in  appearance.  Some  idea  of  the  distribution  of  these  32  runs 
can  be  gained  from  figure  35,  which  shows  for  each  point  in 
time  the  minimum  and  maximum  values  of  each  of  the  four 
major  compartments  as  well  as  the  25th,  50th,  and  75th  percen- 
tile values. 
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Figure  35.— Results  from  32  com- 
puter runs  with  randomly  varying 
parameters  showing  maximum,  75th 
percentile,  50th  percentile,  25th 
percentile,  and  minimum  values  at 
each  point  in  time. 
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Sensitivity  Analysis 

To  test  parameter  sensitivity,  the  same  130  parameters  men- 
tioned in  the  preceding  section  were  altered  one  at  a  time  from 
the  nominal  value  to  the  more  remote  end  point  in  the  range  of 
possible  values.  Change  in  the  peak  value  for  each  of  the  four 
major  compartments  was  recorded,  as  was  the  change  in  time 
at  which  the  peak  occurred.  This  exercise  showed  that  the 
model  is  fairly  insensitive  to  changes  in  many  of  the  para- 
meters, indicating  that  the  model  may  be  overdetermined;  how- 
ever, it  is  still  quite  sensitive  to  changes  in  others.  The  change 
in  time  at  which  peaks  occurred  varied  little,  and  the  peak 
biomass  of  herbs  also  did  not  indicate  much  sensitivity  except 
to  the  initial  value  of  annuals.  Parameters  to  which  the  peak 
values  of  aspen,  conifers,  and  shrubs  are  most  sensitive  are 
those  involving  the  growth  and  mortality  rates  of  those  com- 
partments, the  restriction  of  aspen  on  conifer  growth,  the 
restriction  of  conifers  on  aspen  growth,  and  regeneration  into 
or  mortality  from  CONl .  For  instance,  an  increase  in  the  an- 
nual growth  rate  of  conifers  from  7  percent  to  7.5  percent 
reduces  the  peak  value  of  aspen  biomass  by  0.7  percent  and  in- 
creases the  peak  conifer  biomass  by  19.7  percent.  If  the  max- 
imum restriction  of  aspen  on  conifer  growth  is  lessened  from 
0.5  to  0.7,  the  peak  aspen  biomass  is  decreased  3. 1  percent 
while  the  peak  conifer  biomass  is  increased  70.9  percent. 


Further  investigations  of  these  relationships  indicated  that 
one  could  raise  conifer  growih  rates  from  7  percent  to  8  per- 
cent, raise  conifer  mortality  from  2  to  3  percent,  lighten  the 
restriction  of  aspen  on  conifer  growth  from  0.5  to  0.5625,  and 
get  almost  no  change  at  all  in  the  model  results!  Therefore,  the 
parameter  values  are  not  unique,  but  it  appears  that,  so  long  as 
there  is  some  method  of  bringing  growth  and  mortality  rates 
together,  the  conifer  biomass  will  show  appropriate  sigmoidal 
growth. 

Some  two-way  interactions  were  also  tested.  The  three  in- 
dicators chosen  were  peak  aspen  and  peak  shrub  biomass  in 
400  years  and  conifer  biomass  at  300  years.  Because  graphs  of 
a  compartment's  size  are  very  similar  if  scales  are  adjusted  ap- 
propriately, it  was  felt  that  maximum  values  would  be  good  in- 
dicators. Because  the  peak  of  herbs  is  almost  never  affected,  it 
was  dropped  as  an  indicator.  Peak  conifer  biomass  always  oc- 
curred at  400  years  and  differences  at  that  time  could  be  slight 
while  differences  earlier  were  much  greater;  so  biomass  at  300 
years  was  a  more  appropriate  indicator  for  conifer  biomass. 

Of  the  130  parameters  allowed  to  vary  it  was  found  that  32 
caused  at  least  1  of  those  3  indicators  to  change  from  its 
nominal  value  by  at  least  2  percent  (table  1).  For  these  32 
parameters,  all  4%  paired  interactions  were  evaluated.  For  I, 
1(A),  1(B),  and  I(AB)  (defined,  respectively,  as  the  values  of  the 


Table  1.— Parameters  (identified  in  appendix  C)  to  which  the  ASPEN  model  is  most  sensitive,  their  nominal  and 
perturbed  values,  and  the  effect  of  those  perturbations  on  the  three  indicators 


Parameter 

Nominal 

Perturbed 

Peak  aspen 

Conifer  at  300 

Peak  shrub 

number 

value 

value 

%  change 

%  change 

%  change 

13 

15000. 

20000. 

-0.3 

2.8 

-2.0 

67 

.03 

.035 

-1.9 

4.7 

2.0 

70 

1.2 

1.4 

1.2 

-2.6 

-.1 

77 

.2 

.4 

-.4 

3.6 

-.4 

78 

.001 

.2 

-.7 

3.8 

-.8 

79 

1000. 

1250. 

-.9 

7.6 

-.8 

80 

5. 

10. 

.4 

-3.4 

.7 

81 

.7 

■9 

.6 

-7.0 

.6 

82 

.5 

.7 

-.3 

4.1 

-.2 

87 

.7 

.9 

-.2 

2.3 

-.2 

88 

.7 

.9 

-.3 

2.5 

-.3 

89 

.3 

.4 

-.9 

7.8 

-.8 

90 

.45 

.6 

.6 

-7.1 

.6 

91 

.5 

.7 

-.3 

3.8 

-.2 

97 

.25 

.4 

-1.3 

10.8 

-1.2 

98 

.1 

.15 

.5 

-6.0 

.5 

99 

.5 

.7 

-.2 

2.6 

-.2 

101 

.2 

.3 

-.6 

5.8 

-.9 

102 

6. 

7. 

-.6 

3.7 

-.7 

103 

.5 

.7 

-3.1 

70.9 

-1.5 

104 

3. 

4. 

.4 

-13.6 

.3 

105 

.02 

.025 

1.0 

-42.5 

.6 

106 

.07 

.075 

.7 

19.7 

.4 

115 

.5 

.7 

.3 

-2.9 

-4.8 

119 

.5 

.4 

3.1 

-3.1 

-2.6 

123 

4. 

6. 

.0 

.4 

-2.3 

130 

100. 

125. 

.1 

-.5 

2.6 

131 

.5 

.6 

.0 

-.8 

8.3 

133 

.5 

1, 

.1 

-1.5 

10.6 

134 

.03 

.04 

-.1 

1.9 

-17.9 

135 

.2 

.25 

.2 

-2.0 

14.2 

138 

.4 

.6 

.1 

-1.2 

9.3 

30 


indicator  with  no  parameters  perturbed,  only  parameter  A  per- 
turbed, only  parameter  B  perturbed,  and  both  A  and  B  per- 
turbed), the  effect  of  the  interaction  of  A  with  B  is  defined  to 
be  [I(AB)  -  I]  -  [1(A)  -  I]  -  [1(B)  -  I] .  In  only  24  of  these  4% 
cases  did  effect  of  the  interaction  on  an  indicator  exceed  2  per- 
cent of  the  nominal  value  of  the  indicator.  In  every  case  it  was 
the  300-year  biomass  of  the  conifer  that  was  changed  by  at 
least  2  percent.  In  20  of  the  24  cases  the  parameter  giving  the 
maximum  restriction  of  aspen  on  conifer  growth  was  involved. 
The  other  four  cases  involved  growth  or  mortality  of  aspen  or 
conifer.  In  none  of  the  cases  investigated  did  the  effect  of  the 
interaction  exceed  the  larger  of  the  two  main  effects.  Because 
parameters  having  the  greatest  effect  on  the  indicators  were  in- 
vestigated, it  is  likely  that  a  similar  result  would  have  held  if 
the  other  5,000-1-  pairs  had  been  checked.  Thus,  the  strongest 
interactions  affecting  the  selected  indicators  probably  are  the  24 
listed  in  table  2. 

The  main  effects  and  interactions  previously  mentioned  in- 
volved altering  just  one  or  two  parameters  at  a  time.  Another 
concept  of  effect  involves  a  factorial  design  in  which  all  com- 
binations of  parameters  are  perturbed  and  the  average  effect 
over  all  combinations  of  other  factors  is  considered.  (A  discus- 
sion of  factorial  designs  and  fractional  factorial  designs  can  be 
found  in  Cochran  and  Cox,  1975.)  A  complete  factorial  design 
for  130  factors,  or  even  30  factors,  would  have  been  too  expen- 
sive; however,  a  fractional  factorial  design  for  a  set  of  36 
parameters,  which  included  the  32  previously  found  to  have  the 
largest  main  effects,  was  possible.  These  were  divided  into  six 


groups  called  macroparameters  because  each  is  treated  as  a  unit 
in  the  factorial  analysis.  These  macroparameters,  named  A,  B, 
C,  D,  E,  and  F,  contain  six  parameters  each.  Care  was  taken 
to  separate  closely  related  parameters  into  different  macro- 
parameters.  Then  a  0.5  replication  of  a  2**6  factorial  design 
was  done  using  ABCDEF  as  the  defining  contrast.  The  three 
indicators  of  interest  were  again  the  peak  values  of  aspen  and 
shrubs  over  400  years  and  the  value  of  conifer  at  3(X)  years. 
Contents  of  the  macroparameters  are  shown  in  table  3.  The 
ones  perturbed  in  each  repetition  of  the  experiment  and  cor- 
responding values  of  the  three  indicators  are  shown  in  table  4. 
The  effect  of  a  factor  on  an  indicator  is  defined  to  be  1/32 
of  the  sum  of  all  values  of  that  indicator  obtained  from  experi- 
ments in  which  an  odd  number  of  the  macroparameters  within 
that  factor  were  perturbed,  minus  l/32of  thesumof  all  values 
of  the  indicator  obtained  from  experiments  in  which  an  even 
number  of  the  macroparameters  within  that  factor  were  per- 
turbed. Each  main  effect  has  an  alias  with  a  5-way  interaction; 
each  2-way  interaction  has  an  alias  with  a  4-way  interaction; 
and  each  3-way  interaction  has  an  alias  with  another  3-way  in- 
teraction. The  various  factors,  their  aliases,  corresponding 
change,  and  percentage  change  in  values  of  the  three  indicators 
are  given  in  table  5.  From  this  table  one  can  observe  that  for 
all  three  indicators  the  effects  of  the  1-way  (5-way)  interactions 
are  in  general  greater  than  the  effects  of  the  2-way  (4-way)  in- 
teractions, which  are  in  general  larger  than  the  effects  of  the 
3-way  interactions.  This  observation  and  intuition  indicate  that 
the  larger  effects  are  associated  with  the  lower  rather  than  the 


Table  2.— Parameter  pairs  to  which  the  system  is  most  sensitive,  their  nominal  and  perturbed  values,  and  the 
effect  of  each  perturbation,  due  to  the  interaction,  on  the  conifer  biomass  in  the  300th  year 


. 

Percent  change 

in 

CON  (300) 

Parameter 

Nominal 

Perturbed 

Parameter 

Nominal 

Perturtied 

number 

value 

value 

numt>er 

value 

value 

due 
to  interaction 

13 

15000. 

20000. 

103 

0.5 

0.7 

-2.2 

67 

.03 

.035 

104 

3. 

4. 

-2.2 

67 

.03 

.035 

105 

.02 

.025 

-2.4 

67 

.03 

.035 

106 

.07 

.075 

2.1 

77 

.2 

.4 

103 

.5 

.7 

-2.7 

78 

.001 

.2 

103 

.5 

.7 

-3.7 

79 

1000. 

1250. 

103 

.5 

.7 

-5.6 

80 

5. 

10. 

103 

.5 

.7 

2.1 

81 

.7 

.9 

103 

.5 

.7 

5.1 

82 

.5 

.7 

103 

.5 

.7 

-3.3 

89 

.3 

.4 

103 

.5 

.7 

-5.8 

90 

.45 

.6 

103 

.5 

.7 

5.2 

91 

.5 

.7 

103 

.5 

.7 

-3.1 

97 

.25 

.4 

103 

.5 

.7 

-8.1 

98 

.1 

.15 

103 

.5 

.7 

4.5 

99 

.5 

.7 

103 

.5 

.7 

-2.1 

101 

.2 

.3 

103 

.5 

.7 

-4.3 

102 

6. 

7. 

103 

.5 

.7 

-3.8 

103 

.5 

.7 

104 

3. 

4. 

8.1 

103 

.5 

.7 

105 

.02 

.025 

23.3 

103 

.5 

.7 

106 

.07 

.075 

-14.5 

103 

.5 

.7 

119 

.5 

.7 

2.1 

103 

.5 

.7 

115 

.5 

.7 

2.1 

104 

3. 

4. 

105 

.02 

.025 

3.8 

31 


higher  order  interactions.  In  other  words  this  fractional  fac- 
torial design  serves  to  reinforce  the  previous  results  determining 
which  parameters  the  system  is  most  sensitive  to  without  giving 
as  much  detail.  The  effect  of  a  macroparameter  corresponds 
roughly  to  the  effects  of  its  constituent  parts  but  is  not  the 
mean  of  those  separate  effects. 


Tables.— Elements  of  a  macroparameter  used  in  the  fractional 
factorial  design 


Table  4.— Treatment  combinations  in  the  fractional  factorial 

design  and  corresponding  values  of  ttie  tfiree  indicators 


Macroparameter 

Parameters 

A 

36 

68 

97 

104 

115 

135 

B 

70 

80 

82 

98 

130 

134 

C 

13 

67 

77 

88 

99 

123 

D 

58 

78 

89 

101 

106 

133 

E 

32 

79 

90 

102 

103 

131 

F 

71 

81 

91 

105 

119 

138 

Conifer 

Pealt 

biomass 

Peak 

Treatment 

aspen 

at  300 

shrub 

combinations 

biomass 

years 

biomass 

none 

191431. 

136588. 

7050. 

AB 

195503. 

118820. 

6928. 

AC 

187023. 

143652. 

7497. 

AD 

187145. 

165280.' 

8307. 

AE 

185432. 

230285. 

8005. 

AF 

195483. 

62685 

8181. 

BC 

189827. 

147357. 

5792. 

BD 

190058. 

172190. 

6975. 

BE 

188938. 

230019. 

6646. 

BF 

196333. 

67952. 

6944. 

CD 

172764, 

211782. 

7859. 

CE 

171980. 

2431 78. 

7198. 

CF 

189226. 

92279. 

7522. 

DE 

171926. 

244791. 

8316. 

DF 

189439. 

121772. 

8175. 

EF 

188281. 

206687. 

7974. 

ABCD 

184586. 

175282 

7593. 

ABCE 

183182. 

235315. 

7121. 

ABCF 

194369. 

80309. 

7514. 

ABDE 

183155. 

238680. 

8150. 

ABDF 

194563. 

105379. 

8065. 

ABEF 

193766. 

190216. 

7968. 

ACDE 

158185. 

247128. 

8679. 

ACDF 

182953. 

129373. 

8621. 

ACEF 

181381. 

215800. 

8325. 

ADEF 

181111. 

225440, 

8884. 

BCDE 

167716. 

246617, 

7526. 

BCDF 

186895. 

134833, 

7472. 

BCEF 

185712. 

214236, 

7136. 

BDEF 

185898. 

225754, 

7990. 

CDEF 

162565. 

243121, 

8545. 

ABCDEF 

177484. 

232844. 

8444. 

Tables.— Factors,  their  aliases,  and  Interactive  effects  on  the  three  Indicators  as  determined  by  the  fractional 
factorial  design 


Defining 

contrast 

Peak 

aspen 

Conifer  biomass 

Peak  shrub 

ABCDEF 

biomass 

at  300 

years 

biomass 

%  from 

%  from 

%  from 

Factor              Alias 

Effect 

nominal 

Effect 

nominal 

Effect 

nominal 

A 

BCDEF 

1135, 

0,6 

-4458. 

-3,3 

286, 

4,1 

B 

ACDEF 

3177, 

1,7 

-3251. 

-24 

-340, 

-4,8 

C 

ABDEF 

-4457, 

-2.3 

7830. 

5,7 

-54, 

-8 

D 

ABCEF 

-4419, 

-2.3 

15778. 

11,6 

369, 

5,2 

E 

ABCDF 

-5028 

-2,6 

50143. 

367 

200, 

2,8 

F 

ABCDE 

2394 

1,3 

-19946. 

-14,6 

254, 

3,6 

AB 

CDEF 

-183. 

-.1 

576. 

,4 

45. 

.6 

AC 

BDEF 

270. 

.1 

-148. 

-.1 

10. 

.1 

AD 

BCEF 

235. 

.1 

-633. 

-.5 

-44. 

-.6 

AE 

BCDF 

157. 

.1 

2040. 

1,5 

-21. 

-.3 

AF 

BCDE 

-88. 

0. 

422. 

.3 

-21. 

-.3 

BC 

ADEF 

804. 

.4 

-469. 

-.3 

-13. 

-.2 

BD 

ACEF 

840. 

.4 

-318. 

-.2 

17. 

.2 

BE 

ACDF 

885. 

.5 

579. 

.4 

31. 

.4 

BF 

ACDE 

-391, 

-2 

399. 

.3 

46. 

.7 

CD 

ABEF 

-1178, 

-6 

-224. 

-.2 

46. 

.7 

CE 

ABDF 

-1187, 

-6 

-2432. 

-1,8 

-6. 

-.1 

CF 

ABDE 

439, 

,2 

727. 

,5 

16, 

.2 

DE 

ABCF 

-1245, 

-.7 

-7113. 

-5,2 

16, 

,2 

DF 

ABCE 

442. 

.2 

2244. 

1.6 

-79, 

-1,1 

EF 

ABCD 

461. 

.2 

9827. 

7,2 

-27, 

-,4 

ABC 

DEF 

-38. 

0. 

1618. 

1,2 

2, 

0, 

ABD 

CEF 

-34. 

0. 

1113. 

.8 

-2. 

0. 

ABE 

CDF 

56. 

0. 

-604. 

-,4 

-12. 

-2 

ABF 

CDE 

-196. 

-.1 

-793. 

-,6 

-4. 

-,1 

ACD 

BEF 

19. 

0. 

-1227. 

-.9 

-11. 

-.2 

ACE 

BDF 

-30. 

0. 

558. 

.4 

-5. 

-.1 

ACF 

BDE 

157. 

.1 

917. 

.7 

3. 

0 

ADE 

BCF 

-48. 

0. 

1027. 

.8 

1. 

0. 

ADF 

BCE 

132. 

.1 

614. 

.4 

7 

,1 

AEF 

BCD 

206. 

.1 

-1190. 

-.9 

3, 

0, 
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Use  of  the  Program 

To  run  the  program  ASPEN  one  must  specify  from  which 
device  to  read  the  data  and  on  which  device  to  print  the  results. 
Appendix  A  contains  a  listing  of  the  program  as  it  is  run  with  a 
card  deck  at  Utah  State  University  (USU)  and  the  input  device, 
file  5,  is  specified  as  the  card  reader  while  the  output  device  on 
file  6  is  specified  as  the  printer  (code  200-300). 

A  brief  now  chart  of  the  program  is  given  in  figure  36.  It 
does  not  describe  the  fiow  equations  in  detail  because  they  are 
handled  in  the  section  on  model  structure. 

The  first  information  required  from  the  data  file  concerns 
time.  The  values  of  DT,  TEND,  STEP,  and  PSTSZ  are  read 
and  then  printed  as  part  of  the  program  output  (code 
9300-9900).  DT  is  the  step  size  of  the  difference  equations. 
Although  it  is  a  parameter,  it  was  always  used  as  1  year  in  our 
work  at  USU.  While  it  is  conceivable  that  one  might  want  to 
increase  step  size  to  save  computation,  some  of  the  parameters 
would  need  to  be  altered  to  compensate.  For  instance,  a  growth 
rate  of  8  percent  per  year  is  not  quite  the  same  as  a  growth  rate 
of  16  percent  over  2  years,  and  the  difference  can  be  pro- 
nounced after  400  years.  The  length  of  the  run  in  years  is 
TEND;  the  number  of  years  between  printout  of  state  variables 
is  STEP;  and  PSTSZ  specifies  the  number  of  years  between 
points  on  the  graphical  output.  The  graphing  subroutines  (code 


56(XX)-65200)  allow  for  only  101  points  (including  the  point  at 
time  0)  plotted  across  the  page;  so  PSTSZ  must  be  an  integer 
no  smaller  than  the  quotient  TEND  divided  by  1(X).  In  a  run  of 
100  years  or  fewer,  each  year's  values  can  be  graphed,  but  for 
a  run  of  400  years,  no  more  than  every  fourth  year  can  be 
graphed  (PSTSZ  =  400/100  =  4  or  larger).  The  printed  output 
is  fairly  voluminous,  and  printing  every  year's  values  can  be  ex- 
pensive. A  sample  output  is  shown  in  appendix  B. 

Immediately  following  the  time  information  are  the  138 
parameter  values.  The  program  reads  these  values  and  prints 
them  with  the  other  output  (code  10000-1 1000).  Parameter 
values  are  read  in  free  format,  five  to  the  line.  The  last  two 
values,  P(139)  =  P(140)  =  0,  are  simply  space  fillers.  It  is  not 
easy  to  find  a  particular  value  from  the  listing,  but  it  is  possible 
if  it  is  remembered  that  the  four  values  on  the  first  line  are  for 
time  and  that  the  parameter  values  follow  in  order,  five  to  the 
line. 

Time  is  always  initiated  at  zero  by  the  program.  If  the  pro- 
gram is  stopped  and  restarted  again  at  a  later  year,  the  later 
year  does  not  show  up  in  the  output;  time  is  reinitiated  to  zero. 
The  time  delay  for  conifer  seedling  establishment,  parameter 
80,  tells  how  many  years  into  the  run  to  delay.  For  example  if 
the  run  is  stopped  for  some  reason  and  restarted  at  1(X)  years 
and  if  a  5-year  time  delay  on  conifer  seedling  establishment  is 
desired,  parameter  80  should  be  set  at  5,  not  105. 
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Figure  36.— A  brief  flow  chart  of  the  program  ASPEN. 
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CONCLUSIONS 

For  trajectory  analysis  of  orbiting  satellites,  a  flat -earth 
theory  is  woefully  inadequate,  but  for  consideration  of  baseball 
trajectories  at  a  ball  park,  that  theory  is  quite  adequate. 
Similarly,  the  succession  model  presented  in  this  paper,  while 
certainly  incomplete,  might  help  a  land  manager  identify  the 
successional  stage  of  a  forest  and  determine  how  its  composi- 
tion might  change  in  the  future. 

The  model  yields  believable  results  for  the  forest  system 
simulated,  whether  that  forest  was  undisturbed  or  subjected  to 
various  manipulations.  It  could  be  of  some  aid  in  making 
forest  management  decisions  if  managers  bear  in  mind  that  the 
model  is  a  partial  truth  and  not  the  whole  truth. 

The  distressing  shortcoming  of  the  model  is  that  good 
estimates  do  not  exist  for  most  of  the  parameters  used.  Many 
parameter  values  were  chosen  from  a  range  which  scientists  in 
our  project  estimated  to  include  the  actual  value.  To  some  of 
these  parameters  the  model  is  quite  sensitive,  giving  vastly  dif- 
ferent simulation  results  depending  on  which  value  in  that 
range  is  chosen.  One  should  not  rely  on  the  model  as  a  predic- 
tor until  closer  estimates  of  these  parameters  are  obtained. 

Sensitivity  analysis  has  also  shown  that  the  model  is  quite  in- 
sensitive to  many  parameter  estimates,  indicating  that  a 
simplification  effort  might  substantially  reduce  the  model  com- 
plexity while  keeping  the  essential  features.  We  have  also 
isolated  those  parameters  (growth  and  mortality  rates  of  aspen 
and  conifer  and  the  restrictive  effect  of  aspen  on  conifer 
growth)  that  have  the  most  drastic  effects  on  the  model  output. 
Further  research  in  these  areas  would  be  most  valuable  to  our 
understanding  of  the  system  and  would  lend  confidence  to  the 
model  as  a  predictive  tool. 
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APPENDIX  A 

Program  Listing  for  ASPEN 

USER  950012001/SONJA 

CLASS  60 

COMPILE  ASPEN  FORTRAN  LIBRARY 

DATA 

S  RESET  FREE  0^^fi<ir>ioO 

ILE   5(KINDaREADER)  00onn2o0 

ILE   6(KinO»PrintER)  nonooioo 

,,,,,    PROGRAM  ASPEN  oonooano 

muTHlS  FORTRAN  PROGRAM  vgAS  REvlSEO  FWiH  AN  CARLlEH  SIMCOMP  OonOOSoO 

,,,,,3,0  VERSION  WHICH  WAS  RUN  AT  CSU,   IT  <^AS  INITIALLY  noOOObOO 

.».t«WRlTTEN  BY  BARTOS  AND  JAmESON  In  1972  AND  REVISED  IN  OOOOOTOO 

,,,,,JANUARV  1977  BY  BARTOS  wITh  THE  Ajo  OF  IN'IIS  TO  RUN  OOOOOflon 

ON  THE  BURROUGHS  SYSTEM  AT  USU,  onof)09no 

, , , , ,SUBSTANTIAL  MODIFICATIONS  wERE  wAnE  IN  I9fl()-Ql  BY  BARTOS  nnonioon 

i.ttfANO  WARD,  Oftooiioo 

t . » t «  0  0  n  a  1 2  0  f) 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrnoooi^OO 

oMoo  laoo 

0000  150  0 
THE  FOLLOWING  DATA  CA^^DS  A.jh  NFtoeD  TQ  HijN  ThIS  orogRAm.    O0O(Mfer»0 

ALL  ARE  DONE  IN  FPEt  FORMAT.  0000l7n0 

OOOOiQoO 

1  s  DT,  TEjO,  STEP,  PSTSZ  ooooi9n0 

,,,.,   2-29  s  VARIOUS  PARaMFTFRS  (5  PFr  CA^^n)  00(302ooO 

, . ,  •  •  0  0  0  0  2 1  0  0 

, . . * «                            '  0  0  0  0  220  0 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrcrrccCCCCCCCCCCCCCrCCCCCCCCCCCCCCr 0  00 0230  0 

,,.,,  oooo2aoo 

,,•••  ooo^2Soo 

..*..         LIST  OF  STATE  VARIABLES  O0OO2600 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrf.CCCCCCCCC(:CCCCCCCrccCCCCCCCCCCCCcf^'^0O27o0 

.....              ASP   a  ASPEN  RIOMASS      KG/HtC  00002800 

.,.••         Con  a  Conifer  oiomass    kg/hec  00002100 

.,,.,               ANN   z  ANNUAL  HIOMASS       KG/HFC  OOOO^OnO 

«.,tt              PER   a  PERENNIAL  BinMASS      KG/hEC  OOO03I00 

*,,«•               SHU   a  SHRUB  BlO'^AS?       KG/HEC  00003200 

«,,..            BIOSOR  s  BIOMASS  LEFT  U;  SOURCE     KG/HfC  onn0350O 

,..«•           eiOSlN  a  BinMASS  GONE  Tr  SINK         kG/hEC  oooojaoo 
..•t.             ASPI  *  ASPEN  SUCKERS  LESS  THAN  ,5  m  talL      «/hEC     000035oo 

.,.,.             ASP2  s  ASPEN  SUCKERS  ,S  m  .  2  h  taLL      U/^^C  0000360O 

*..«.             ASP3  a  ASPEN  SuCkERS  nvFR  2  m  TALL  BUT  ooo037o0 

,,,..                    LESS  THAN  5.of^  CM  pPH              «/HEC  Onoo38o0 

.,.••           SUCSOR  3  ASPEN  SUCKERS  IFFT  IN  SOURCE   x/MEC  nono3qoO 

•  ,*•«            SUCSIN  s  ASPEN  SLiCKEPS  GOwE  TO  SINK      #/HEC  oooO/iOOO 

CONl  a  CONIFER  SEEOLInGs  lESS  THAN  ,5  M  TALL  H /Hf  conooninCi 

.,.,,  C0N2  a  CONIFER  SEEHIInjGS  .5  m  TO  2  M  TALL     «/HEC     ooooa2o0 

,f,.,             CON3  a  CONIFER  SEEDLINGS  OvER  2  m  TALL  BUT  ooo0/i300 

,,,,,                    LESS  THAN  5.06  CM  D-'^H              «/hFC  onon/^yoo 

.,.«•           SEESOR  s  CONIFER  SEEDLI'^GS  LEFT  IN  SOURCE   «/HEC  onooaSoO 

..,..           SEESIN  a  CONIFER  SEEDLU^GS  GONE  TO  SINK     «/hEC  0000/16OO 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrCCCCCCCCCCCCCCCCCCCCCCCCCC  0  00  0^700 

, , , , ,  n  0  (1 0  <J  8  0  0 

,,,,,  ooooa9oo 

*.,.,         LIST  OF  AUXILIARY  VARIABLES  nooo^ono 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrccrCCCCrCCCCCCCCCCCCCCCCCCCCC  00005100 

nOCOn  a  NUMBER  TREES  In  CON      ft/HEC  0O0O5200 

.,.,,             AWPC  a  AVERAGE  Mass  nP  CpNiFERS    KG/TREE  onoo53o0 

,,,,,                       CON/NOCON    r^W  -1  IF  NOCONxO  OOOOS^OO 

,,,,             HERB  a  PERENNIALS  ♦  ammualS      kG/hEC  00005500 

•  •••              AsPS  «  '^ASS  0^  ASPEn  suckers     KG/hEC  0OO05600 

..,.               SHUH  s  MASS  OF  SHRUBS  &  ASPEN  SUCKERS     KG/HEC  00005700 
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APPENDIX  A  (cont.) 

,,,,,              sue  «  TOTAL  ASPEN  SUCKERS       «/HEC  noooSPO 

.,,,,             SEED  ■  TOTAL  CONIFER  SEEDLINGS   <«/HEC  oa00S9d 

,,,.,              CONN  ■  MASS  OF  CONIFER  SEEDLINGS    KG/HfC  oooOftno 

,,,,,           BIOSUH  3  SU^  OF  BIO'^ASS  STATE  VARIABLES  OOOOfeln 

,,,,,                         (SHOULD  RE  ZERO)      KG/HEC  0ao0b20 

,,,,,            SUCSUM  »  SUM  OF  ASPEN  SUCKER  STATE  VARIABLES  OOOOfcSo 

,,,,,                        (SHOULD  PE  7Epn)      tt/HEC  onoofeao 

,,,,,           SEESUM  s  SUM  OF  CONIFER  SEEDLING  STATE  VARIABLES  OnnO^so 

,,,,,                           (SHOULD  BE  ZERO)       «/HEC  0000660 

.,,•,         AN  M  PRECEDING  ThE  VARIAbiE  nAmE  REPRESENTS  0000670 

,,,.,            THE  MAXIMUM  POSSIBLE  VALUE  OF  THAT  VARIABLE,  OOCO58O 

,,,,,  0O0O69O 

,,,,,         A  p  PRECEDING  THE  VARIAplE  NAME  REPRESENTS  THE  OO00700 

PROPORTION  THAT  VARIARLF  IS  OF  ITS  ^-AxlMUM  0000710 

CQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC  00007P0 
t  I  f  •  • 

..,••           LIST  OF  TIME  VARIABLES  0O00750, 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcrCCCCrcCCCCCCCCCCCCCCCC  0  00  0760 

,..,,             TIME  B  ELAPSED  TIME              VEARS  0000770 

(,,i,               DT  ■  COMPUTATION  STFPSIZE      YEARS  0000760 

•,.t*              TEND  8  TIME  AT  wHiCH  RUN  ENDS    YEARS  0000790 

,,,,,               TTPR  a  TIME  OF  PRINTOUT           YEARS  QOnOfiOO 

,,.t«              STEP  s  TIME  BETWEEN  PRINTOUTS    YEARS  OOUOBlo. 

t.ttt          ttPl  «  TIME  oE  Plot  point      years  ooooean 

,,.,,            PSTSZ  «  TIME  BETWEEN  PLOT  POINTS  YEARS  0000p3n 

,,,tt              INOX  «  NUMBER  OF  STORED  VALUE  FOR  PLOT  OOoOfl/in 

T(IND)<)  ■  TIME  oE  STORED  VAluE  FQR  PLOT      YEARS  OOOO8SO 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrCCrcCCCCCCCCCCCCCCCCCCCCCCCCCCCfOnoOHbO 

, . , • •  0000870 

REAL  NOCON,MHERB#MASP#MCON,MSHUrKCONl ,MC0N2,MC0N3  OOOOflSC 

REAL  MASPl  iMASP2»MASP3#MC0NN,MASPS,MSHUH,MANN,MpER  0n()089ri 

DIMENSION  P(UO),T(lon,  YH2#  101),  Y2(2»  101  ),  yJ(2#  101)  000090ri 

DIMENSION  Ya(3,l0n*Y5(3,  lOl)  00009lfi 


I 


0000730 

0  0  0  0  7  a  0 


C 


O00092fi 


Ctt*«t      READ  IN  AND  WRITE  OUT  TIME  INFORMATION  00oo93ri 

C...  oooo9a(i 

READ(5»/)  OT, TEND, STEP. PSTSZ  00o095f) 

WRITE(6,31)DT, TEND, STEP, PSTSZ  0000  96fl 

31  FQRMAT(lHO,»  DT  s  SFS.l.Sx,'  TENH  -  SFS.liS)^,'  STEP  b  '#F5.l,    0000970 

/5X# 'PSTSZ  «  ',13)  0000980 


C 


0000990 


C,,..,       READ  IN  AND  WRITE  OUT  PARAMETERS  FOR  FLOW  EQUATIONS            O^OlOOO 

Ct  ..  t *  oooioio 

DO  111«  Mal,U0,5  000102() 

llU  REAO(S#/) (PCMfMM) ,MMsO,^)  000103() 

WRiTE(b, 1005)  oooioao 

1005  FORmATC  •  0  •  )  0001051) 

DO  1010  I  s  l,la0,5  oool06() 

wRlTE(6,1020)I,P(n,I*l,P(Iil),I*2,P(If2),I+3,PCI>3),I*«,P(I*a)    0  0  01070 

lOlO  CONTINUE  OOOlOSi") 

1020    FORMATd     •  ,5(2X,  •?(  I  I3»  )    «  «F13,6))                                                                                000lo9il 

Ct  ,  «  •  t  000  1  1  0i3 

Ctft*t      ASSIGN  AND  WRITE  OUT  MAXIMUM  VALUES  OF  STATE  VARIABLES  oooiu:) 

C,.,.,  000112') 

HASP  »  P(l )  OOol 13  3 

MCON  »  P(2)  oool 1  a  0 

MSHU  s  P(3)  0001  15  (1 

MPER  «  P(a)  0001 160 

MANrg  ■  P(5)  0001170 

MASPl  «  P(6)  OOOllflO 
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(MASP2    s    P(7) 
MASP3xP(8) 
MCONl     s    P(9) 
^'CONa    s    P(10) 
MCONi    s    P( 1 1 ) 
MASPS     *    P(.\i) 
'^SHUH    a    P(l5) 
MCONM    «   P(ia) 
MHERd    a    MAi^N    ♦    MPER 
^RlTt  (6,i^)MAsP,^C0'^'^HE■RB,^SHU,^^roNN,  ^SHiJH 

32  F0PMAT(1H0,I     KASP    a« ,Fln.^,^X, »     wrOM    s«,F10.2,2X# 
/•MHEPB    s',F10,2,2x, '     MSHU    s» , Flo,?, 2x,  ""CONN    a',Fin,2, 
/2X, 'HSHOH    St, Flo. 2) 

WRlTE(6,3i)MASPl#MASP2.MASPJ,MCPNi,-irnN2,^C0N3 

33  FORMATdH    ,'MASP1    a«,Fl0.2,2x, '^ASP2    s  •  F  I  n  ,2,  2x,  '  MASP3    "S 
/F10,2,2X,  'MCONl     a'Fin.2,?X,  '  ^Cf)K'2    s  •  ,  F  1  0  .  2  ,  2X  ,  '  MCon3    «',F10.2) 

WRlTt  (6,  5a  )  HASPS  »^PER,'^ ANN 
3^    FOHMATdH     ,  'MASPS    s' ,Fl0l2,2<,  '     npfw    s  '  ,  F  1  0  ,  2  ,  2x  »  '     MANN    a»,FlO,2) 
C  I  I  f  »  ♦ 

c....,     SET  TIME  And  count  tQ  o.o 
c 

TIMf  s  0.0 
TTP>^  a  0,0 
TTPl  a  o.n 
C 

c...».    ASSIGN  The  Initial  values  of  thf  state  variables 
c 

ASP  s  P(15) 

CON  s  P(16) 

SHU  r  P(17) 

PER  a  P(18) 

ANN  a  P( 19) 

ASPl  a  P(20) 

ASP2  a  Pi2\) 

ASP3  s  P(22) 

CONi  1  p(23) 

C0N2  5  P(2a) 

C0N3  a  P(25) 

NOCO^J  a  P(26) 


UPDATE  CORRESPONDING  vALUES  OF  OTHER  VARIABLES 


ANN  ♦  PER 

ASPl+AsP2*A3P3 

CONUC0N2>CON3 

P(27)*ASP1  ♦  P(28)*ASP2  ♦  P(29)*ASP3 

S^U  ♦  ASPS 
P(50)*CON1  ♦ 
a  -ASP  •  CON 

0.0 

•ASPl  • 

0.0 

-CONl  - 

0.0 

BIOSOR  ♦ 

SUCSOR  ♦ 

SEESOR  ♦ 


77 


HERB  » 
SUC  a 
SEED  a 
ASPS  = 
SHUH  a 
CONN  a 
8I0S0R 
BIOSIN 
SUCSOR 
SUCSIN 
SEESOR 
SEESIN 
BIOSIJH 
SUCSUM 
SEESUM 

IF  (NOCON.GT.O.O) 

A.SPC  a  «1 

GO  TO  78 

Ai^PC    a    COfi/NOCOM 


P(3n*C0N2  ♦  P(32)*C0N3 
•  ANN  •  PER  •  SHU 


ASP2  .  ASP3 


CnN2 


C0N3 


ASP  ♦  CON  f 
ASPl  ♦  ASP2 
CONl  ♦  C0N2 
GO  TO  77 


AMN  ♦  PEP  ♦  SHU 
+  ASP3  ^  SUCSIN 
♦  CHNJ  ♦  SEESIN 


♦  BIOSIN 


000 
000 
000 
0  00 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
OOQ 

000 
000 
000 
000 
0  00 
000 
000 
000 
OOO 
000 
000 
000 
000 
000 
OOO 
000 
000 
000 
000 
000 
000 
000 
00  0 
000 
000 
000 
000 
noo 

000 
000 
000 
000 
000 
000 
0  0  0 
000 
000 
000 
OOO 
000 
000 
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78    CONTINUE 

cccccccccccccccccccccccccccccccccccccrcccccccccccccccccccccccccccccccccc 

C  t  •  •  t  • 

c,,... 

C MAIN  LOOP  OF  PPOGRAM  STARTS   HERE 

ccccccccccccccccccccccrccccccccccccccccccccccccccccccccccccccccccccccccc 

c 

C,,.f.      CHECK  IF  TIME  TO  STORE  VALUFS  FOt^  PLOT 

*250  IF(TIWE.LT.TTPL)  GO  TO  55 
INDx  »  TI^E/PSTSZ  ♦  1 
T(lNnx)  a  TIME 


Yl  (1 
Yl(2 
V2(l 
V2(2 
Y3(l 
Y3(a 

Y^d 
Ya(2 
Ya(3 

Y5(t 
Y5(2 
Y5(3 


INOX 
INDX 
INDX 
INDX 

INDX 
INDX 
INDX 
INDX 
INDX 
INDX 
INDX 
INDX 


«  ASP 

■  CON 

s  ANN 

a  PER 

a  HERB 

a  SHU 

a  ASPl 

a  ASP2 

a  ASP3' 

a  CONI 

a  C0N2 

B  CON 3 


C  t  •  • 
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C  t  f  ( 

C  t  •  • 

c... 


UPDATE  TTPL  FOR  NExT  PLOT  THE 
TTPL  a  TTPL  ♦  PSTSZ 

CHECK  IF  TIME  TO  PRINT 
IP  (TIMf.LT.TTPRlGO  TO  300 

WRITE  OUT  VARIOUS  VARIABLES  AND  TIME 


WRITE(6 

500  FoRMAT( 
WRITE(6 

501  FORMATC 
/•    SHU 

WRlTE(b 

502  FORmAT( 
/'   HFRB 

WRITE(6 

507  FORMATC 

/'   ASP3 
WRITE(6 

508  FORmAT( 
/•   CON  3 

WRlTE(b 

50*'  FORMATC 

/'   SfiEO 

WRITF  C6 

510  FORMATC 
/'SFESUM 

WRITEC6 

511  FORMATC 
C,,... 
C 

t  i   »   •  •   ♦ 


CON    a',F20,6,5x» 
PFR    3«,F20,6,5x# 
ASP2    a'.F20.6,5X# 


500)TIME 

HClOX,  'TIME',F7.2) 

5(^1  )ASP»COM,SHU 

HO,  •  ASP    a* ,F2n. 6,5X1  ' 

a»,F20.tj) 

502)ANN,PER,HERP 

H  ,  '     ANN  s» ,F20.6,5X,  ' 

a'F20,6) 

507)ASP1 , ASP?, ASP3 

H  , •   ASPl  a«F2o:6,5x,  ' 

a',F20.6) 

508)C0NI,C0N?,C0N3 

H  ,'   CONl  a" ,F?n,fc,5x,  •   C0N2  e',F20,6,5x, 

a',F20.6) 

S09)N0C0N, sue, SEED 

H  ,'  NOCON  a«F20.6,Sx,'    SUC  a',F20,6,5X, 

a',F20.b) 

510)BI0SUM,SUCSUM»SEESU^^ 

H  ,'RIOSUM  a«F20>,5x,  'SUrSUM  a«,F20,6,5x, 

a'  ,F2().6) 

511)AWPC 

H  , '   AWPC  ai,F?0.6) 


UPDATE  TTPR  FOR  NEXT  PRINT  TIME 


OOOlSOOOi 
OOO181O0 
00018200 
00018300 

oooiaaoo 

00018500 
00018600 
00018700 
00018800 
000l89nC 
00019000 
OOO191O0! 
0001920C 
0001930C 
000l9a0C 
0001950C 
000l960f 
0001970C 
0001980C 
0001990C 
0002000C 
0002010( 
0002020( 
Ono2030( 

ooo2oao(; 

0002050( 

00020601 

00020701 

0002080" 

00020901 

00021001 

00021  101 

00021201 

0002130' 

0OO2U0 

0002150 

0002160 

0002170 

0002180 

0002190 

0002200 

0002210 

0002220 

0002230 

ooo22ao 

0002250 

0002260 

0002270 

0002280 

0  00  2290,ji 

0O02300lif, 

0002310 

O0O2320' 

0002330 

ooo23ao 

0002350 
0002360 
O0O2370J 

OOO2380' 
000239r 

0002U0C 


1 1^1' 
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Ain'tNUlA  A  (cont.) 


TU  P 


TTPR  »  TTPR  ♦  Step 

C  •  •  • 

C CHECK  IF  TIME  TO  STOP  RUN 

*J00  IF(TEN0,LE.TIME)  GO  TO  US 

C,,,.« 

C CALCULATE  PROPORTIONS 

■  shuh/mshuh 
ijhIgt.i  .)PSHUH  s  1  . 

■  ASPS/MASPS 
PS,GT,1.)PASPSx1 , 
«  HERB/MHER9 
RB.GT,l,)PHERflxl. 

A8P/MASP 

P.GT.1.)PA8P»1. 

CON/MCON 

N.GT,l.)PCON»l. 

SHU/M5HU 
U,6T,1.)PSHUb1. 
«  ASPl/MASPl 
Pl.GT.l.)PAsPl8l. 

■  ASP2/MASP2 
P2.GT,l.)pASP2al. 

■  ASP3/MASP5 
P5.GT,1,)PASP3»1, 
»  CONl/MCONl 
Nl.GT.l,)PCONlBl. 
»  C0N2/MC0N2 
N2.GT.I,)PC0N2bI. 

■  C0N3/MC0N3 
N3.GT,l,)PC0M3«l. 

■  CONN/MCO^N 
0NN,GT.l.)PC0NN8l, 

PER/MPER 
R.GT.l.)PPER»l. 

ANN/MANM 
N,GT,l.)PANN«l. 
CALCULATE  THE  VARIOUS  FLO^ 


PSHUH 
IFtPSHi 
PASPS 
IF(PA8I 

pherb 

IF(PHEI 

PASP    ■ 

IF(PA8l 

PCON    B 

IF(PCOI 

PSHU 

IF(P8Hl 

PASPl 

IF(PASI 

PASP2 

IF(PAS( 

PA3P3 

IF(PASI 

PCONl 

ir(pcoi 

PC0N2 

ifcpcoi 

PC0N3 

IFCPCOI 

PCONN 

IF    (PCl 

PPER 

IF(PPEI 

pann  ■ 

IF(PANI 


UT  ON  A  RELATIVE  BASIS, 


COMPUTE  FLOW  \ti 
AFFECTED  BY  ASP# 


ASPl  REGFNERATION 
CON,  SHU,  ASPl,  ASP2# 


ASP3,  CONN 


Zl«EXP(«P(33)*PASP) 

Z2BEXP(«P(3a)*PC0N) 

Z3Bi,f(P(35)«l,)*P8HU 

ZaBi,*(p(36)-i,)*pASPl 

Z5«1.*(P(37)-1,)*PaSP2 

Z6Bl,*(P(3e).l.)*PASP3 

Z7«EXPC«PC39)*PC0NN) 

FLOHia  a  P(ao)*Zl*Z2*Z3*Z«*Z5*Z6*Z7 


*  1 1 1 1 
1 1 1  • « 


COMPUTE  FLOW  15 
AFFECTED  BY  A8P1 

FLOwlS  a  A8Pl*P(«n 


A8P1  MORTALITY 


t  ■  t  f  t 
I )  f  1 1 


COMPUTE  FL0W16     a2P1  GRADUATION 

AFFECTED  BY  ASP, CON, SHU, ASPl . ASP2# ASP3, CONN, HERB 

Zl«PCa2)*(l,-P(il2)l*FxP(-P(^3)*PASP) 

Z2»EXP(«P{aa)*PC0N) 


0  (H)  <?  '4  I  n  0 

nooaaano 

0002 '4  300 

0  0  0  2  a  a  0  0 

000?U500 

oooauboo 
ooo2a7oo 
ooo2aaoo 
ooopupno 

00025000 
0O0251OO 
0002S200 
0002S500 
00025«00 
00025500 
0OO256O0 
00025700 
00025600 
00025900 
0002fe000 
00026100 
00026200 
00026300 
00026000 
00026500 
00026600 
00026700 
00026fl00 
00026900 
00027000 
0  0  0  2  710  0 
0  0  027200 
0  0  027300 
ooo27aoo 
OO0275O0 
00027600 
0  0  0  2  7  7  0  0 
00027800 
0OO27900 
00028000 
000281 00 
00028200 
00028300 
00028^00 
00028500 
00028600 
00028700 
00028800 
00028900 
00029000 
00029100 
O00292O0 
00029300 
00029^00 
00029500 
00029600 
00029700 
00029800 
00029900 

O003O000 

0  0  0  3  0  10  0 
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APPENDIX  A  (cont.) 


•  •  t  t  < 


Z3"l,f (P(a5)-1,)*PSHU 

za»i,*(P(a6)»i,)*PASP2 

Z5»l.*(P(a7)-l.)*PASPJ*»P(««) 

Z6»EXP(-P(4<')*PC0NN) 

Z7«l.*(P(50)»l.)*PHER8 

FL0W16  «  ASPt*P(5n*Zl*Z2*Z3*Za*Z5*Z6*Z7 

\  COMPUTE  FL0W17     aSP2  MOPTALITY 

AFFECTED  BY  ASP2 


FLOwlT  «  ASP2*P(52) 


f  f  t  *  t 


COMPUTE  FL0W18     aSP2  GRADUATION 

AFFECTED  BY  ASP#  CON,  SHU,  ASP2,  ASP3,  CONN 


Zl"P(5J)*(l,-P(55))*ExP(-P(5a)*PASP) 

Z2"EXPC«P(55)*PC0N) 

Z3»l,t(P(56)«l,)*PSHU 

Z««l.*(P(57)-l.)*PASP3 

Z5»EXP(-P(58)*PC0NN) 

FLOwie  3  ASP2*P(59)*ZUZ2*Z3*Z^*Z5 


C... 
C « f  ♦  •  • 

C 1 1  •  •  t 
C 

c 

C  » I  •  I » 

C  •  5  t  f  • 

C  » •  1 1  • 


COMPUTE  FL0W19 
AFFECTED  8Y  ASP3 

FL0W19  s  ASP3*P(60) 


ASP3  MORTALITY 


C  •  •  •  •  t 

c 

c 

C.I 
C  » f  1 1 1 

c.,«., 

C  t  •  f  •  t 


c., 

c  •  I « I « 

C  1 1 » 1 1 

c..... 

c.,. 

c » I  •  •  t 

C  t  f  f  •  f 

c..,.. 


COMPUTE  FL0W20      ASP3  GRADUATION 
AFFECTED  BY  ASP#  CON,  SHU,  ASP3 

Z1«P (61 )♦( 1, -P (61 ))*EXP(»P (62) ♦PA SP) 
Z2«EXP(-P(63)*PC0N) 
Z3«l,*(P(6«)-l.)*PSHU 
FLOW20  •  A8P3*P(65)*ZI*Z2*Z3 

COMPUTE  FLOWt     ASP3  GRADUATION  CONVERSION 
(ASP  GENERATION) 

FLOwl  ■  FL0W20#P(66) 

COMPUTE  FLOW?      aSP  GROwTh 
AFFECTED  BY  ASP,  CON 

Zl«l,»(l.«P(67)*,99/P(68) )*PASP 
Z2« I. ♦ (P ( 69 )• I, )*PCON**P( 70) 
FL0W2  ■  ASP*P(68)*Zl»Z2 


COMPUTE  FL0W3 
AFFECTED  BY  ASP 

FL0W3  »  ASP*P(67) 


aSP  MORTALITY 


COMMPUTE  FL0W21      CONi  REGENERATION 
AFFECTED  BY  ASP,  CON,  C0N2,  C0N3,  SHUH.HERB 

Zl«P(7l)*(l,«P(7n)/P(7?)*PASP 
IF  (Zl.GT.l.)  Zlsi: 
Z2xi,+(P(73),l.)*PC0N**P(7a) 
Z3«l,+(P(75)*l.)*PC0N2 
Z<4«l,t(P(76)-l  ,)*PCon5 
Z5«l,*(P(77).l.)*P*^^"^ 


noo 502 

000303 

ooo3oa 
Ono3o5 
000306 
000307 
000308 
000309 
000310 
000311 
000312 
O0O313 

ooo3ia 

000315 
000316 
000317 
000318 
000319 
000320 
000321 
000322 
000323 

00032a 

000325 
000326 
000327 
000328 
000329 
000330 
000331 
000332 
000333 
00053a 
000335 
000336 
000337 
000338 
000339 

ooo3ao 

000341 
ooo3a2 
ooo3a3 
ooo3aa 

000345 
000346 
000347 
000348 
000349 
000350 
000351 
000352 
000353 
000354 
000355 
0O0356 
000357 
000358 
000359 
OOO360 
000361 
000362 


00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

0  0 

00 

00 

00 

00, 

00 

00 

00 

00 

00 

00 

0  0 

ooll 
ooj 

00 

001 

00(1 
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ArrtlMJlA  A  (cont.; 


Z6«l  .♦(P(7a)-i .  )*PMERFi 

P(80)     YFAR    TIHF    DFLAY     In    cr^IFFR    PTPPnOUCTIO^ 

IF  (TiME.Le;,P(flo))  floh2i*o, 

COMPUTE  FL0w?2      CONl  MPt^TALITY 
AFFECTED  3Y  CONl 

FLOwaa  s  coNi*p(8n 

COMPUTE  FLOWPJ       CONl  GRAOUATION 

AFFECTED  BY  ASP,  CON  ,  CUM  1  ,  C^Na,  cn'>l3,  SHUH,  HERB 


Zl«l 
Z2»l 
Z3»l 

Z«»l 
Z5«l 
Z6al 


♦(P(82)- 
♦(P(63)- 
♦(P(8U)- 
♦(P(86)- 
♦(P(87)- 
♦(P(88)« 


.)*PASP 

,  )*PCON 

,)*PC0N2**P(85) 

.)*PC0N3 

,)*PSHUH 

,)*PME98 


FLnw23  s  CONl  *P(fl9)*zl*z2*z3*Z^*Z'>*Z^ 


;,,,.,      COMPUTE  FLOwaa      C0n2  moptality 
:.,tf.      AFFECTED  BY  CON? 


«•  f  f  t  t  • 

m 

«  ff  •  t  t  « 


FL0w2a  ■  C0N2*P(90) 

COMPUTE  FLOWPS    CnN2  (iPAniJATlON 
AFFECTED  BY  ASP, CON» C0N2. cnN3 , 

Zl»l.*(P(9l)«l,)*PASP 
Z2»1,*(P(92}-1 ,)*PCON 
Z3sl.*(P(93)-l ,)*PC0N2**P(9a) 
Z«»1.*(P(95)»1.)*PC0N3**P(96) 
FL0W25  a  C0N?*PC97)*Zl*Z?*Z3*Z'i 


COMPUTE  FU0WP6 
AFFFCTFD  BY  C0N3 

FL0w26  a  C0M3*P(9a) 


C0N3  ^tnoTALTTY 


* « •  *  • 
» •  •  •  t 


COMPUTE  FL0w?7      C0N3  G»AnUATinN  (NOCON  GENERATION) 
AFFECTED  BY  ASP,  CO^,  C0N3 


Zl»l.+(P(99)«1 .)*PASP 
1      Z2SI .♦(P(l00i-l,5*PCoN 
I      FL0W27  s  CON3*P(lOt  )*ZUZ2 


COMPUTE  FLO>^a 


C0N3  GRAOUATION  CONVERSION 
(CON  GENfWATlON) 


FLO^a  3  FL0'^27*P(in?) 


COMPUTE  FLOWS       CON  GRO-iTH 
AFFECTED  BY  ASP,  CON 

Zl»Ptl03)f  (l..P(l  03  n*E)(P( -P(  100)  *PASP5 
Z2si."'(l.'P(l05)*,99/P(io6))*PCnN 
FLOwS  s  CnN*P(  1  0*-^  ■*•■'' *''^ 


nnn363oO 
on  0 36^00 
00036500 
00036600 
00036700 
00036800 
00036900 
00037000 
00037100 
00037200 
00037300 
ooo37ano 

00037500 
00037600 
00037700 
00037800 
00037900 
00038000 
00038100 
0O038200 
00038300 
ooo38aoo 

00038500 
OO038600 
00038700 
00038800 
00038900 
00039000 
00039100 
00039200 
00039300 

ooo39aoo 

00039500 
00039600 
00O39700 
00059800 
00039900 
000^0000 

0  0  0  a  0 1 0  0 

000^0200 
000«0300 

ooouoaoo 

000^0500 

oooao6oo 

00OUO700 
000^0800 
000^0900 

oooaiooo 

0  0  0  «  I  I  0  0 

opo«i2oo 

000^1300 

ooo^iaoo 
0  0  0  a  1 5  0  0 

0  00^1160  0 

oooai7oo 

000^1800 

oooai9oo 

000«2000 
000^2100 
0oo«2200 
000*^2300 
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APPENDIX  A  (cont.) 


NOCON    •^nRTAl.ITY 


CON    riOHTALlTY 


•  ;  f  •  • 


,       COMPUTF  FLOw-^o 

AFFECTED  8Y   NOCH'^ 

FLOw50  B  N0C0N*P(105) 

!       COMPUTE  FL0W6 
AFpFCTFD  BY  CON 

FL0W6  s  CON*P(105) 

COMPUTE  FLOW?      ANN  PRunucTinN 
AFFECTED  BY  ASP,  C0n#  PER,  ShUH.CONN 

Zl  =  EXP(»P(107)»PASP) 

12    s  P(l0fl)-»-(l,«P(108)  )*F^PC-PMoq)*PCnKj) 

Z3  8  l.  +  (P(no)-l.i*PPER 

Za  s  EXP(«P(lll)*PSHUH) 

Z5  s  P(ll?)*(l,«P(U2))*E^P(-P(1t^)*PC0MN) 

FLOW?  8  P(lia)*Zl*Z2*Z3*Z^*Z5 

C... 

Ct,t«.       ANNUAL  MORTALITY  ASSUMED  TO  HE  100%  EACH  YEAR 
C,..tf 

FLOWS  s  ANN/DT 

C.,.., 

C,,.f,  COMPUTE  FL0W9      PPR  PWOOUCTION 

Ctt>**  AFFECTED  BY  ASP,  CON*  AMN,  ShUH,  COMN 

C... 

Zl  ■  1,*(P(115)»1.)*PASP 

Z2  B  P(116)*(l.-P(116))*FXP(-Pn 1?)*PC0M) 

Zi  >  l,4(P(n8)«l,5*PANN 

za  8  l,  +  (P(M9)-l.)*PSHUH 

Z5  8  P(l20)<-(l.«P(120))*P'<PC-P(1^n*PC0NN) 

FL0W9  8  P(122)*Zl*Z2*Z3*za*Z5 

c 

C..ttf  PER  MORTALITY  CAgOvF  GROUNP)  ASSUMED  TO  BE  100%  EACH  YEAR 

C 

FLOWIO  8  PER/DT 

r 

C.I..,      COMPUTE  FLOWU      SHU  HEGFNFRATIOn 

C AFFECTED  BY  ASP,CON,SMU,  ASPS,  CONN, HERB 

c,.,., 

Zl»EXPC-P(l23)*PASP) 

Z2  =  E><PC«P(l2a)*PC0N) 

Zi  s  l.*(P(125)-l,)*PSHU**P(1261 

za  3  l.*(P(l2?)-t.)*PASPS 

Z5  8  EXP(«P(i2fl)*PC0NN) 

Z6  8  l.*(P(l29)-l,)*PHERB 

FLOwll  s  P( l3n)*zi*2?*Z3*Za*z5*z6 


C  •  ^  •  • « 
C  t  )t  f  •  • 
C 


Zl  c 

12     8 

Z3  8 

za  8 

ZS  3 
Z6   8 


COMPUTE  FL0W12      SHU  GRO^^Th 

AFFECTED  BY  ASP,  CON#  SHU,  ASPS,  CONN,  HERB 

.♦(P( 131 )-l . )*PASP 
.♦CP(132)-1 ,)*PC0H**P(133) 
.•(l,-P(13a)*,99/P(135))*PSHLi 
.♦(P(136)-l ,1*PASPS 
.>(P(157)-1  ,)*PCf)NN 
.♦(P(138)-1.)*PHERR 


FL0W12    8    SMU*P(  1  355*71  *z2*73*Z'^*Z'^*7h 
COMPUTE    FLnwi3  sHU    mowtaiITv 
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oooa2aoo 
onoa25oo 

000^2600 
000^2700 
000^2800 

oooa29oo 
oooasooo 

000«3lOO 
000^5200 
000^3300 

oooasaoo 

00043500 

oooa36oo 

000^3700 
00043800 
00043900 

oooaaooo 
oooaaioo 

00044200 
00044300 
00044400 
00044500 
00044600 
00044700 
00044800 
00044900; 

00045000: 

000451001 
OOO452O0 
00045300 
0OO454O0 
00045500 
OO0456001 
00045700 
00045800 
OOO45900 
OOO46OO0 
0O046100 
0004620C 
OOO463O0 
00046400 
OOO465O0 
0004660C 
0004670C 
0004680C 
0004690C 
0004700C; 
00047100] 

0004720C 
0004730C 
0004740C 
0004750C 
0004760^ 
0004770( 
0004780C 
0004790f 
0004800( 
n0048l0( 
0004820( 
0004fl30( 
0004840( 


AFfFCTEO  Bf  SHU 


FL0wl3  s  SHU*P(i?a) 


UPDATE  STATE  VARIABLES 


ASP  s 

COM  s 
ANKI  a 
PEW  8 

SHU  * 
BIOSHR 
iFLOwT- 

BlOSlfJ 
ASPl  s 
ASP?  5 

ASP3  » 

SUCSOR 
SUCSIN 
CONl  s 
C0N2  s 
C0N3  8 
SEESOR 
SEESI^ 


ASP  ♦  DT  *  (FLOwl  ♦  FLnw2  -  FLil'i3) 

Con  ♦Or  *  (flo^«  ♦  flo^^s  -  Fin^->h) 

ANN  ♦  DT  *  (FLOW?  •  FLU'''«) 

PEP  ♦  DT  *  CFLOw<J  -  FLOvIo) 

SHU  ♦  OT  *  (FLnWll  ♦  FLO'^'1?  -  FL0^13) 

a  f3lOSa»  ♦  nT  *  (-FL0wi«rLn.^2-FLn-Ma«FL0w5- 
FLOwQ-FLdwl l-FLOwl?) 
a  ainsiN  ♦  Dt  *  CFLn-l3  +  PL'-l^h*FLO^fl  +  Fl,cH10*FLO"^13) 
ASPl  ♦  DT  ♦  (FLOWI'4  -  Ftnwis  -  FLQ^itb) 
ASP?  ♦  OT  *  (FLO^Ib  -  FL0*17  .  FL'Jwlft) 
ASP3  ♦  Dt  *  (FLOW18  •  FLn-^l<)  -  Flo'^^O) 
s  SUCSOP  ♦  or  *  (•FUOWIU) 

s  SUCSI^  ♦  OT  *  (FL0wl5>FLnwl7fFL0'^l9*FL0w2f') 
CONl  ♦  Ot  *  (FLUW?1  -  FLO"'??  -  FL0^^^3) 
C0N2  ♦  DT  *  (FL0w?3  -  FLnw?a  •  FLOvJaS) 
C0N3  ♦  OT  *  (Ftnw?5  -  FLni.?6  •  FL0».j?7) 
■  SEE80P  ♦  DT  *  (•FLO'^Pn 
a  SEESIN  ♦or  *  (FL0wa?fFLnw2a+FL0w26*FL0w27) 

UPDATE  VARIOUS  AU^rlLlARY  vARlAdLFS 


HEB8  B  ANi>l  f  PER 

AS^S  =  P(?7)*ASP1 

SHUH  a  SHU  f  ASPS 

CONN  a  p(3())*C0N1 

NOCoN  «  NOCqn  ♦  Dt  *  (FL0^<?7 

sue  a  ASPl  ^  ASP?  ♦  ASP3 

SEED  '    CONl  ♦  CON?  ♦  cnN3 


♦  P(?H)*ASP?  ♦  PC?P)*ASP3 

♦  P(3l )*CON?  f  P(3?)*CON3 


'FI.0W3')) 


?ao 
?a2 


BIOSU'^  a  RIOSOR 
SUCSUM  a  SUCSOR 
SEESUM  s  SEE80P 
IF(noCON,GT,0.0) 
AWPCB.l, 

go  TO  2a? 

AWPCSCON/NOCON 
CONTINUE 

UPDATE  TIME 


ASP  ♦  CON  * 
ASPl  ♦  A3P2 

♦  C0N2 

2ao 


♦  CONl 
Go  TO 


A'JN  ♦  PFR  ♦  SHU 

♦  ASP3  ♦  SUCSIN 

♦  CnN3  f  SEESIN 


♦  BIOSIN 


•  t  •  t 

Ia9   TIME   a  TIME   ^  OT 


GO  TO  2Sn 

:cccccccccccccccccccccccccccccccccccccrcrccccccccccccccccccccc 

.*«•       MAIN  LOOP  OF  PROGRAM  ENDS  HF.RE 

;ccccccccccccccccccrcccccccccrcccrccrcrcccccrcccrccccccccccccc 

» •  •  • 

....        DPArt  GRAPHS  OF  SELECTED  STATE  VARIABLES 


^5  WRITE(6,512) 

512  F0RMAT(lHi,30)(,  •  1  a  asP      2  »  Con'./) 
CALL  PU0TS(2,INDX,T,vn 
WRlTE(b,5l3) 

513  F0RMAT(1HU30X,  '  1  a  ANN      2  s  ^FP\/) 
CALL  PL0TS(2,INDX,T,Y2) 
WRITE(6,51U) 


onoa85oo 
oonaBboo 
oonasToo 

000^8800 
nnoafl9oo 
oooapooo 
o')oa<)ioo 

000^9200 
000^9300 

oonaqaoo 

000^9500 

onoa96oo 

000«9700 
000^9800 
000^9900 
00050000 
00050100 
00050200 
OO05O3O0 

ooo5oaoo 

00050500 
00050600 
00050700 
00050800 
00050900 
00051000 
00051100 
00051200 
00051300 

ooo5iaoo 

00051500 
00051600 
00051700 
00051800 
00051900 
ono52000 
0no52l00 
00052200 
00052300 

ooo52aoo 

00052500 
00052600 
00052700 
00052800 
00052900 
00053000 
00053100 
00053200 
CCCCCCCCC0OO53300 

ooo53aoo 
cccrcccccooo535oo 

00053600 
00053700 
00055800 
00053900 

ooo5aooo 
ooo5aioo 
ooo5a2oo 

0005«300 
0005^^100 
0005a5oO 
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APPENDIX  A  (cont.) 

5ia  FORMATdHi  ,3ox#  '  1  s  HERB     i   a  SHU',/)                       nooSabno 

CAUL  PL0TS(2,INDX, T,Y5)  nnoSaTnO 

WRITF(6,515)  OMo5a8oO 

515  FORMAT(IH1,30X» • I  •  ASPl  2  =  ASP?  3  s  ASPi',/)  OonsagnO 
CALL  PL0TS(3# INDX,T, va)  OOOSSnoO 
WRITE(6,516)  OOOSSlnO 

516  FoRMAT(lHl,30X, ' 1  ■  CONl  Z  «  TOM?  5  s  CoN3',/)  0O0SS2n0 
CALL  PL0TS(3,I^JDX,T,Y5)  00055300 

END  Ooo55ao0 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrCCCCfCCCCCCCCCCCCCCCCCCCCCCCCCCc 0  0 05550  0 

C END  OF  MAIN  PROGRAM  00055600 

ccccccccccccccccccccccccccccccccccccrcrrccrccccccccccccccccccccrcccccccrooo5S7oo 

C 00055800 

C.tff  00  0  55900 

C..,t.      GRAPHING  SUBROUTINFS  00056000 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrrrccCCCCCCCCCCCCCCCCCCCrCCCCCCtCCrO 0  056  loo 

SUBROUTINE  PLOTS(NPLOTS,nPTS#X» Yl  00056200 

COMMON/IO/NI,NO  O'>O563O0 

DIMENSION  X(NPTS),Y(NPL0TS,NPT8),XSCI  ( 1 0 1 ) , YSCL (^2 ) # I L  U^t  (  1 0  I  )  00o56ao0! 

NI  3  5  0OO56500 

NO  «  6  00056600 

XMIN«X(1)  0OO56700 

XMAX«X(1)  00056800 

DO  1  I«lfNPTS  00056ROO 

lFCX(n,GT.XMAX)XMAX»X(I)  00057000 

1  IF(X(I) .LT.XMlNjXMINaXCn  00057100 
YHIN«Y(1,1)  00057200 
YMAX»Y(l,n  00057300 
DO  2  I»liNPLOTS  ooo57ao0 
DO  2  J«1#NPTS  O0O57500 
IF(Y(I»J),LT,YMIN)YMlNaYf I,J)  0  0  057600 

2  IF(Y(I#J).CT.YHAX)YMAXaY(I»J)  0Oo57700 
7       SCALX»(XMAX«XMlN)/100.  0Oo57800 

SCALY»(YMaX«YMIm)/50;  0OO57P00 

DO  3  Ial»lOl  00058000 

xSCL(I)axMIN*FLOAT(I-l )*SCALX  00058100 

IF(I.GT.52)G0  TO  3  00058200 

YSCL(I)aYMAX,FLOAT(I.l)*SCALY  00058 300 

3  CONTINUE  00058aoO 
C..»..  OOO58500 

CALL  GZRO(0,  ILINE)  00058600| 

C....,  000587ooi 

DO  5  Kal,5l  00058800 

CALL  GZR0(K,ILINE)  000589001 

Call  8Kpt(nplots»npts»^'.x,y,yscl»xmin,sCalx,ilinE)  ooosqooc 

5  CALL  TYPIT(K#YSCL» ILINE)  00059100 
CALL  G2R0(0, ILINE)  O005920f 
1^RITE(N0,6)  (XsCl(I),I8  1,  J0l,20)  0O05930C 

6  FURMAT(17X,F7,2,5(13X,F7.2))  00059aoC 
RETURN  000595flC 
END  0005960C 

Ct.tt.  0005970C 

SUBROUTINE  SkpT(NplOTS#npTS»K»X»Y,ySCL#XMIN,SCALx#ILInE)  ooo5980( 

C(....  0  0  05990C 

DIMENSION  X(NPTS),Y(NPL0T8,NPTS) »TLlNFCl)»YSCL(l),ISYM(n)  ooo6ooo( 

DATA  IS YM/ IHl ,  1 H2, 1H3, ina, J H5, 1M6, 1H7, I H8, 1H9, 1  HO, IHC/  0  0  060  1  Of 

DATA  IBLK/IH  /  0006020^ 

DO  1  l8i,NPL0TS  0006030f 

DO  I  Jai,NPT8  00060ao( 

IF(Y(I» J) ,GT,YSCL(K) )Gn  TO  1  0006050( 

IF(Y(I» J) ,LE,YSCL(Kfl ) )G0  TO  1  0006060( 
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I 


MslNKCXtJj-XMlNJ/SCALXft  ,5)  00060700 

IF(M,LT.l)GO  TO  I  QoOhOSOO 

IF(M,GT,101 )G0  TO  t  00060900 

IF(ILINECM),EQ.IBLK)GO  TO  ?  0006IO0O 

ILlNE(H)aI8YH(li)  00061100 

GO  TO  1  00061200 

2      ILINE(H)BISYM(I)  OOObHoO 

1  CONTINUE  OOO6U0O 
RETURN  00061500 
END  00061600 

C...  00061700 

SUBROUTINE  TYPIT (K . YSCL ,  IL  INE  )  OOO6I80O 

C, . . • •  00061900 

COMHON/IO/NI,NO  00062000 

DIMENSION  YSCL(n»ILTNE(1  )  00062100 

JS»K*a  00062200 

IF((JS-JS/5*5).NE,0)GO  TO  1  00062300 

WRITE(N0#6)  YSCL(K)  O0062ao0 

6  F0RMAT(10x»El0.3»2H  ♦)  0^062500 

*^RITECnO#2)  (ILINE(!),I81  ,101)  0  0  06260  0 

2  FORMAT(lH+,20X#10Ul.2X,?H+n  00062700 
GO  TO  3  00062800 

1  WRITECN0#5)  00062900 

5  FoRMAT(21X,  IH-)  00063000 

WRiTECNO.i*)  (ILINE(T),  Iml.  101)  0  0  0631  00 

H  F0RMAT(1H  +  ,20X#  101A1,2X,2H«I)  00()63200 

3  RETURN  00063300 
END  00063400 

C,.,,,  00063500 

SUBROUTINE  GZRO (K, ILJNE )  00063600 

C,j,,,  00063700 

C0MM0N/I0/NI,N0  00063800 

DIMENSION  ILInE(I)  0OO639O0 

DATA  IPER. IN,IBLK/1H,, 1H1# IH  /  0006a000 

IF(K,EO,0)GO  TO  2  00064100 

DO  I  Iai,l01  00064200 

1  ILInE(I)sI8LK  00064300 
RETURN  00064400 

2  DO  -3  l«l» lOl  00064500 

3  ILINE(I)»IPER  0O0646O0 
Do  4  I»l, 101, 10  00064700 

a       ILINE(I)»IN  00064800 

WRITE(NO,5)(ILINE(I),IB1,101)  00064900 

5      FoRMAT(l9X,2H,,, loui, 2H.,)  00065000 

RETURN  00065100 

END  00065200 
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7    DATA 

1  .  ,  '<  0  0  .  ,  1  0  M 
200000, ,^bO 
I  0  0  0  0  0  ,  , '?  0  0  0  0 
?500,,  I'SOoo 


.3. 

•  «s 

,00 
.7. 

.a, 

.7, 
.2, 
.5, 
5,. 
.2. 
.07 
2,, 
.00 


5 


t,  ,USO 


006,  ,  1  , 

.a,5.,d 
l»,noi, 

» .  <>  0 1  , , 
.2S,  ,1, 
001  ,s., 

» »  5,  #  ,  *^ 
0  3  ,  ,  0  6  » 
25, ,1,3 
^,  ,r\()\  , 

7, .7, .5 
3i.7,3. 
2S,.l,. 
•  »  •  S  ,  3  t 

2,, ,O0S 
0  0b, b, 

» *3  f  »  •  ^ 

3bOo,,a 


3.5»,^,b 


•  » 


001, ,s 
oi»,a. 


0 


a, 
o.,l'>f^on,,3S'iO.,'^on, 

, ,  15000. ,  1  t)f^f>00.  ,  lOnoM, 

15000., isnr)0,,.l 


...1 
.1 

a,,o? 

, ,  1 0  0  0  n  0 . 

».5 

7,5,. .fl 
.»5, 

^,.1 

.15 

0  0  1  ,  1  .  ^ 

..2 

0  0  0  .  ,  5  , 

3. 

.'45 

.5 

..3 

,0? 
-  b  ,  ,  ,  b 
50  0.,  .5 

5  ,  ,  0  0  7 

h,.  ,1 


.6, 100. 
0  3  ,  .  2 
0,0 
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APPENDIX  C 

Parameter  Names,  Definitions,  Values,  Range  of 
Values,  and  Units  for  the  ASPEN  Program. 


Param- 
eter 
number 


FORTRAN 
name 


Definition 


Value 


Range 


Units 


Source 


10 


11 


12 


13 


14 


15 


16 


MASP  Maximum  value  for  aspen  200,000 

biomass 

MCON  Maximum  value  for  conifer  250,000 

biomass 

MSHU  Maximum  value  for  sfirub  10,000 

biomass 

MPER  Maximum  value  for  peren-  3,500 

nial  biomass 

MANN  Maximum  value  for  annual  500 

biomass 

MASP1  Maximum  value  for  ASP1  100,000 

reproduction  class 


MASP2  Maximum  value  for  ASP2  50,000 

reproduction  class 

MASP3  Maximum  value  for  ASP3  15,000 

reproduction  class 

MC0N1  Maximum  value  for  C0N1  100,000 

reproduction  class 

MC0N2  Maximum  value  for  C0N2  10,000 

reproduction  class 

MC0N3  Maximum  value  for  C0N3  2,500 

reproduction  class 

MASPS  Maximum  biomass  value  15,000 

for  tfie  sum  of  all  aspen 
suckers 

MSHUH  Maximum  biomass  value  15,000 

for  the  sum  of  all  aspen 
suckers  and  shrub  biomass 

MCONN  Maximum  biomass  value  15,000 

for  the  sum  of  all  conifer 
seedlings 

ASP  Initial  value  for  state  0.1 

variable  aspen 

CON  Initial  value  for  state  .1 

variable  conifer 


kg/ha 

Zimmermann  1979  Rodin 
and  Bazilevich  1967 

kg/ha 

Zimmermann  1979 

kg/ha 

Unpublished  data 
(Bartos,  files) 

kg/ha 

Youngblood  and 
Mueggler  1981 

kg/ha 

Youngblood  and 
Mueggler  1981 

80,000-120,000 

Numbers/ha 

Baker  1925  and 
unpublished  data  (Bartos 
files) 

40,000-60,000 

Numt)ers/ha 

Unpublished  data 
(Bartos,  files) 

10,000-20,000 

Numbers/ha 

Mueggler  and  Bartos 
1977 

80,000-120,000 

Numbers/ha 

Noble  and  Ronco  1978 

0-1. 


0-1. 


5,000-15,000  Numbers/ha        INT-1751  estimate 


1,000-5,000  Numbers/ha        INT-1751  estimate 


10,000-20,000  kg/ha 


10,000-20,000         kg/ha 


10,000-20,000  kg/ha 


INT-1751  estimate 


INT-1751  estimate 


INT-1751  estimate 


li 


kg/ha 
kg/ha 


17 
18 

SHU 
PER 

Initial  value  for  state 
variable  shrubs 

Initial  value  for  state 
variable  perennials 

.1 
.1 

0-1. 
0-1. 

kg/ha 
kg/ha 

1 
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Param- 
eter FORTRAN 
number  name 


Definition 


Value 


Range 


Units 


Source 


19 


ANN 


Initial  value  for  state 
variable  annuals 


500 


250-500 


kg/ha 


Bartos  and  Mueggler 
1981 


20  ASP1  Initial  value  for  state 

variable  ASP1 


0.1 


0-1. 


Numbers/ha 


21  ASP2  Initial  value  for  state 

variable  ASP2 


0-1. 


Nunnbers/tia 


22  ASPS  Initial  value  for  state 

variable  ASP3 


0-1. 


Numbers/ha 


23  C0N1  Initial  value  for  state 

variable  CON  1 

24  C0N2  Initial  value  for  state 

variable  G0N2 

25  CONS  Initial  value  for  state 

variable  CONS 

26  NOCON  Initial  value  for  conifer 

trees  on  site 

27  Factor  to  convert  sucker 
nunnbers  (ASPI)  to  biomass 

28  Factor  to  convert  sucker 
numbers  (ASP2)  to  biomass 

29  Factor  to  convert  sucker 
numbers  (ASPS)  to  biomass 

30  Factor  to  convert  seedling 
numbers  (CON  1)  to 
biomass 

31  Factor  to  convert  seedling 
numbers  (C0N2)  to 
biomass 

32  Factor  to  convert  seedling 
numbers  (CONS)  to 
biomass 

33  Aspen  restriction  on  ASPI 
regeneration 

34  Conifer  restriction  on  ASPI 
regeneration 

35  Sfirub  restriction  on  ASPI 
regeneration 

36  ASPI  restriction  on  ASPI 
regeneration 

37  ASP2  restriction  on  ASPI 
regeneration 


.006 


.02 


2.4 


6. 


0.8 


0-1. 


0-1. 


0-1. 


.04-. 11 


.6-1. 


.01-03 


.2-.6 


2.-3. 


3.-7. 


4.-8. 


.6-.9 


.1-.5 


0-.3 


Numbers/tia 

—     — 

Numbers/ha 

—     — 

Numbers/ha 

—     — 

Trees/hia 

—     — 

kg/sucker 

Bartos  and  Jofinston 
1978 

kg/sucker 

Bartos  and  Johnston 
1978 

kg/sucker 

Bartos  and  Johnston 
1978 

kg/seedling 

Unpublished  data 
(Bartos,  files) 

kg/seedling 

Unpublished  data 
(Bartos,  files) 

kg/seedling 

Unpublished  data 
(Bartos,  files) 

Dimension- 
less 

INT-1751  Estimate 

Dimension- 
less 

INT-1751  Estimate 

Dimension- 
less 

INT-1751  Estimate 

Dimension- 
less 

INT-1751  Estimate 

Dimension- 
less 

INT-1751  Estimate 
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APPENDIX  C  (cont.) 


Param- 
eter FORTRAN 
number  name 


Definition 


Value 


Range 


Units 


Source 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


ASPS  restriction  on  ASP1 
regeneration 

CONN  restriction  on  ASP1 
regeneration 

Unrestricted  ASP1  regener- 
ation rate 


ASP1  mortality 


Aspen  restriction  on  ASP1 
graduation 

Aspen  restriction  on  ASP1 
graduation 

Conifer  restriction  on  ASP1 
graduation 

Shrub  restriction  on  ASP1 
graduation 

ASP2  restriction  on  ASP1 
graduation 

ASPS  restriction  on  ASP1 
graduation 

ASPS  restriction  on  ASP1 
graduation 

CONN  restriction  on  ASP1 
graduation 

Herb  restriction  on  ASP1 
graduation 

Unrestricted  ASP1  gradua- 
tion rate 


.001 


100,000 


0.45 


.001 


.001 


.67 


0-.2 

Dimension- 
less 

INT-1751  Estimate 

4.-8. 

Dimension- 
less 

INT-1751  estimate 

80,000-120,000 

Sucl<ers/hay 

Baker  1925  and 

yr 

unpublished  data  (Bartos, 
files) 

.3-.6 

Yr-1 

Unpublished  data  (Bartos, 
files) 

0-.2 

Dimension- 
less 

INT-1751  estimate 

3.-7. 

Dimension- 
less 

INT-1751  estimate 

S.-7. 

Dimension- 
less 

INT-1751  estimate 

.3-.7 

Dimension- 
less 

INT-1751  estimate 

0-.2 

Dimension- 
less 

INT-1751  estimate 

0-.2 

Dimension- 
less 

INT-1751  estimate 

.SS-1. 

Dimension- 
less 

INT-1751  estimate 

3.-7. 

Dimension- 
less 

INT-1751  estimate 

.7-.9 

Dimension- 
less 

INT-1751  estimate 

.25 


.15-.35 


Yr- 


INT-1751  estimate 


52 


53 


54 


55 


56 


57 


ASP2  mortality 


Aspen  restriction  on  ASP2 
graduation 

Aspen  restriction  on  ASP2 
graduation 

Conifer  restriction  on  ASP2 
graduation 

Shrub  restriction  on  ASP2 
graduation 

ASPS  restriction  on  ASP2 
graduation 


.25 


5. 


.001 


.15-.S5 


0-.2 


3.-7. 


3.-7. 


.5-.9 


0-.2 


Yr-1 

Unpublished  data  (Bartos, 

files) 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 
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Param- 
eter 
number 


FORTRAN 
name 


Definition 


Value 


Range 


Units 


Source 


58 

59 

60 

61 

62 

63 

64 

65 

66 

67 
68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 


CONN  restriction  on  ASP2 
graduation 

Unrestricted  ASP2  gradua- 
tion rate 

ASP3  mortality 


Aspen  restriction  on  ASP3 
graduation 

Aspen  restriction  on  ASP3 
graduation 

Conifer  restriction  on  ASP3 
graduation 

Shrub  restriction  on  ASP3 
graduation 

Unrestricted  ASPS  gradua- 
tion rate 

ASP3  graduation  conver- 
sion to  biomass 

Aspen  mortality 

Unrestricted  aspen  growth 
rate 

Conifer  restriction  on 
aspen  growth 

Conifer  restriction  on 
aspen  growth 

Aspen  restriction  on  C0N1 
regeneration 

Aspen  restriction  on  C0N1 
regeneration 

Conifer  restriction  on 
C0N1  regeneration 

Conifer  restriction  on 
C0N1  regeneration 

C0N2  restriction  on  C0N1 
regeneration 

C0N3  restriction  on  C0N1 
regeneration 

Shrub  and  aspen  sucker 
restriction  on  C0N1 
regeneration 

Perennial  and  annual 
restriction  on  C0N1 
regeneration 


5. 


.15 


.03 
.08 

.001 


1.2 


.25 


.001 


3.-7. 

.1-.3 

.05-. 15 

0-.2 

3.-7. 

3.-7. 

.6-.9 

.1-.2 

3.-5. 

.02-.04 
.06-1. 

0-.02 

1.-1.4 

.4-.8 

.15-.35 
0-2 

1.5-5. 
0-.4 
0-.4 
0-.4 

0-.2 


Dimension- 
less 

Yr-' 


INT-1751  estimate 


INT-1751  estimate 


Yr-i 

Unpublished  data  (Barlos 

files) 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Yr-^ 


INT-1751  estimate 


kg/tree 

Bartos  and  Johnston 

1978 

Yr-1 

INT-1751  estimate 

Yr-^ 

INT-1751  estimate 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 
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Param- 
eter 
number 


FORTRAN 
name 


Definition 


Value 


Range 


Units 


Source 


79 

80 

81 
82 

83 

84 

85 

86 

87 


90 
91 

92 

93  ,; 

94 

95 

96 

97 

98 
99 

100 


Unrestricted  C0N1 
regeneration  rate 

Time  delay  in  years  for  con- 
ifer reproduction 


1,000 


graduation 

Unrestricted  C0N1 
graduation  rate 

C0N2  mortality 

Aspen  restriction  on  C0N2 
graduation 

Conifer  restriction  on 
C0N2  graduation 

C0N2  restriction  on  C0N2 
graduation 

C0N2  restriction  on  C0N2 
graduation 

CONS  restriction  on  C0N2 
graduation 

C0N3  restriction  on  C0N2 
graduation 

Unrestricted  C0N2 
graduation  rate 

CONS  mortality 

Aspen  restriction  on  CONS 
graduation 

Conifer  restriction  on 
CONS  graduation 


.45 
.5 


.25 


750-1,250 


3.-10. 


.1-.4 

.S-.6 
.S-.7 

.1-.5 

.5-.9 

1.-4. 

.3-.? 

1.-4. 

.2-.4 


Seedlings/ 
ha/yr 

Yr 


C0N1  mortality 

.7 

.5-.9 

Yr-' 

Aspen  restriction  on  C0N1 

.5 

.S-.7 

Dimension 

graduation 

less 

Conifer  restriction  on 

.3 

.1-.5 

Dimension- 

C0N1  graduation 

less 

C0N2  restriction  on  C0N1 

.5 

.3-7 

Dimension 

graduation 

less 

C0N2  restriction  on  C0N1 

3. 

1.-4. 

Dimension- 

graduation 

less 

CONS  restriction  on  C0N1 

.2 

0-.4 

Dimension 

graduation 

less 

Shrub  and  aspen  sucker 

.7 

.5-.9 

Dimension- 

restriction  on  C0N1 

less 

graduation 

Perennial  and  annual 

.7 

.5-.9 

Dimension 

restriction  on  C0N1 

less 

Yr-' 


Yr- 


Noble  and  Ronco  1978 

INT-1751  estimate 

Noble  and  Ronco  1978 
INT-1751  estimate 

INT-1751  estimate 

INT-1751  estimate 

INT-1751  estimate 

INT-1751  estimate 

INT-1751  estimate 

INT-1751  estimate 

INT-1751  estimate 


Yr-' 

Noble  and  Ronco  1978 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

INT-1751  estimate 


.1 

.05-. 15 

Yr-' 

Noble  and  Ronco  1978 

.5 

.S-.7 

Dimension- 
less 

INT-1751  estimate 

.3 

.1-.5 

Dimension- 
less 

INT-1751  estimate 
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APPENDIX  C  (cont.) 

Param- 
eter              FORTRAN 
numt)er            name                          Definition 

Value 

Range 

Units 

Source 

101  Unrestricted  C0N3  gradua- 
tion rate 

102  C0N3  graduation 
conversion  to  biomass 

.2 
6. 

.1-.3 
5.-7. 

Yr-1 
Kg/tree 

INT-1751  estimate 
Long  and  Turner  1975 

Aspen  restriction  on 
conifer  growth 

Aspen  restriction  on 
conifer  growth 

Conifer  restriction  on 
conifer  growth,  mortality  of 
conifer  trees  (#'s)  on  site, 
and  conifer  biomass 
mortality 

Conifer  restriction  on 
conifer  growth  and  unre- 
stricted conifer  growth  rate 

Aspen  restriction  on 
production  of  annuals 

Conifer  restriction  on 
production  of  annuals 

Conifer  restriction  on 
production  of  annuals 

Perennial  restriction  on 
production  of  annuals 

Shrub  and  aspen  sucker 
restrictions  on  production 
of  annuals 

Conifer  seedling  restriction 
on  production  of  annuals 

Conifer  seedling  restriction 
on  production  of  annuals 

Unrestricted  production 
rate  of  annuals 

Aspen  restriction  on 
perennial  production 

Conifer  restriction  on 
perennial  production 

Conifer  restriction  on 
perennial  production 

Annual  restriction  on 
perennial  production 

Shrub  and  aspen  sucl<er 
restriction  on  perennial 
production 


3. 


.02 


.07 


.005 


.005 


500 


.007 


.3-.7 


2.-4. 


.01 -.03 


.05-.09 


1.-3. 


.001-01 


4.-8. 


.4-.8 


1.-3. 


.001 -.01 


4.-8. 


.3-.7 


.001 -.01 


4.-8. 


.5-.9 


.3-.7 


Dimension-         INT-1751  estimate 
less 

Dimension-  INT-1751  estimate 

less 


Yr-^ 


Yr- 


INT-1751  estimate 


INT-1751  estimate 


Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

kg/ha/yr 

Bart  OS  and  Mueggler 

1981 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 

Dimension- 

INT-1751  estimate 

less 
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Ai'rtNDlA  C  (cont.) 

Param- 
eter 
number 

FORTRAN 
name                          Definition 

Value 

Range 

Units 

Source 

120 

Conifer  seedling  restriction 
on  perennial  production 

.007 

.001-.01 

Dimension- 
less 

INT-1751  estimate             | 

121 

Conifer  seedling  restriction 
on  perennial  production 

6. 

4.-8. 

Dimension- 
less 

INT-1751  estimate 

122 

Unrestricted  production 
rate  of  perennials 

3,500 

kg/ha/yr 

Bartos  and  Mueggler         j 
1981 

123 

Aspen  restriction  on  shrub 
regeneration 

4. 

2.-6. 

Dimension- 
less 

INT-1751  estimate 

124 

Conifer  restriction  on  sfirub 
regeneration 

6. 

4.-8. 

Dimension- 
less 

INT-1751  estimate 

125 

Shrub  restriction  on  shrub 
regeneration 

.1 

0-.2 

Dimension- 
less 

INT-1751  estimate 

126 

Shrub  restriction  on  shrub 
regeneration 

3.5 

2.-5. 

Dimension- 
less 

INT-1751  estimate 

127 

Total  of  aspen  sucker 
restriction  on  shrub 
regeneration 

.4 

.2-.6 

Dimension- 
less 

INT-1751  estimate 

128 

Total  of  conifer  seedling 
restriction  on  shrub 
regeneration 

6. 

4.-8. 

Dimension- 
less 

INT-1751  estimate 

f 

129 
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A  deterministic  model  of  succession  in  aspen  forests  was  developed  using 
existing  data  and  intuition.  The  degree  of  uncertainty,  which  was  determined  by 
allowing  the  parameter  values  to  vary  at  random  within  limits,  was  larger  than  de- 
sired. This  report  presents  results  of  an  analysis  of  model  sensitivity  to  changes 
in  parameter  values.  These  results  have  indicated  areas  of  needed  research.  The 
model  responds  realistically  to  various  management  techniques  and  could  be  an 
aid  to  resource  managers  in  their  decisionmaking  process. 
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RESEARCH  SUMMARY 

This  publication  is  a  state-of-the-knowledge  report 
on  available  information  on  gopher  biology,  ecology, 
damage,  and  control.  Habits  and  related  problems  are 
reviewed  for  gopher  species  throughout  the  United 
States,  but  attention  is  focused  on  the  northwestern 
forest  environments.  A  bibliography  containing  over 
1,000  literature  citations  is  included. 

The  report  is  not  intended  as  a  field  guide  for  con- 
trol practices,  but  is  meant  to  familiarize  the  land 
manager  with  the  nature  and  extent  of  pocket 
gophers,  damage  potential,  and  available  control 
methods.  It  also  discusses  areas  where  research  is 
needed. 


The  digging,  burrowing,  and  feeding  activities  of 
pocket  gophers  (Geomyidae)  frequently  conflict  with 
land  management  goals.  In  the  Pacific  Northwest, 
gopher  depredation  to  conifer  seedlings  on  forest 
lands  is  a  particularly  important  economic  concern. 
The  following  is  a  state-of-the-knowledge  report  on 
gopher  biology,  ecology,  damage,  and  control.  Gopher 
habits  and  related  problems  are  reviewed  for  geomyid 
species  ranging  throughout  the  United  States,  but 
more  attention  is  focused  on  pocket  gophers  found  in 
northwestern  forest  environments.  This  report  is  not 
intended  as  a  field  guide  for  control  practices,  but  is 
meant  to  familiarize  the  land  manager  with  the  nature 
and  extent  of  pocket  gopher  problems,  damage  poten- 
tial, and  available  control  methods. 

To  facilitate  access  to  existing  literature,  a 
bibliography  of  over  1,000  literature  citations  is 
included.  This  section  is  expanded  from  a  bibliography 
compiled  by  Anderson  and  others  (1976:GR).  Citations 
are  designated  into  categories  by  subject  and  listed 
alphabetically  by  author.  Letter  abbreviations  are 
assigned  to  each  subject  category,  and  citations  used 
within  the  text  will  be  found  by  referring  to  the  ap- 
propriate section. 
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publication  is  for  the  information  and  convenience  of 
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endorsement  or  approval  by  the  U.S.  Department  of 
Agriculture  of  any  product  or  service  to  the  exclusion 
of  others  that  may  be  suitable. 
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IDENTIFYING  CHARACTERISTICS 
General  Description 

A  number  of  distinctly  subterranean  attributes  equip 
pocket  gophers  (Geomyidae)  for  their  fossorial  existence. 
These  qualities  developed  convergently  in  at  least  five 
completely  unrelated  lineages.  Characteristics  other  than 
their  morphological  adaptations  for  burrowing  include 
reduced  individual  movement,  distribution  patterns  that 
vary  with  soil  conditions,  parapatric  distribution,  and  a 
social  system  in  which  individuals  rigorously  defend  lone 
territories  (Patton  and  Yang  1977:G). 

General  morphological  characteristics  include:  compact 
musculature,  powerful  forearms,  long  claws  on  the 
forefeet,  and  sharp,  curved,  continuously  growing 
incisors  that  aid  in  digging  and  burrowing  (Tryon 
1947:NH;  Howard  and  Childs  1959:HRR;  Hall  and 
Kelson  1959:GR;  Downhower  and  Hall  1966:DT).  Gopher 
lips  close  behind  the  incisors  preventing  soil  from  enter- 
ing their  mouths  when  foraging  and  digging.  Gophers 
have  small  eyes,  set  wide  and  high  on  their  heads,  £md 
small  external  ears  (fig.  1).  Two  external,  fur-lined,  ever- 
sible  cheek  pouches  used  in  carrying  food  and  nesting 
material  give  the  word  "pocket"  to  their  name. 

Among  the  three  genera  within  the  United  States, 
morphological  and  ecological  characteristics  appear  to  be 
most  generalized  in  Thomomys  (Hill  1937:PHM). 
Geomys  spp.  characteristics  connote  a  higher  degree  of 
specialization  with  a  more  massive,  flattened  skull, 
smaller  eyes,  inconspicuous  eaxs,  and  exceedingly  promi- 
nent forefeet  with  heavy  nail  and  limb  development 
(Miller  1964:DT). 

Guard  hairs  are  sparsely  scattered  and  occur  mainly  in 
the  rump  region  on  the  body  and  tail.  They  may  func- 
tion as  sensory  units  to  guide  the  gophers  forward  and 
backward  through  dark  tunnels.  The  almost  naked  tail 
and  feet  may  be  thermoregulatory  and  the  gophers  re- 
spond to  heat  stress  by  increasing  blood  flow  to  these 
extremities  (McNab  1966:GH). 

The  environment  may  play  a  role  in  fur  color.  Darker 
species  occur  in  darker  soils  and  lighter  colored  popula- 
tions inhabit  drier,  lighter  colored  soils  (Ingles 
1950:PHM;  Getz  1957:PHM;  Walker  1955:DT).  Gophers 
uncommonly  display  color  aberrations,  although  several 
studies  report  various  instances  of  pelage  color  muta- 
tions (Storer  and  Gregory  1934:PHM;  McCarley 


1951:PHM),  including  occasional  sightings  of  albinism 
(LaVoie  and  others  1971:PHM). 

Pocket  gophers  annually  undergo  variable  and 
irregular  molts.  Semiannual  molts  result  in  distinctive 
summer  and  winter  coats  (Bailey  1915:DT;  Howard  and 
Childs  1959:HRR).  Gophers  may  experience  an  early 
summer  molt  that  spreads  down  to  the  tail  and  is 
evidenced  by  a  "molt  line"  at  various  stages  (Tryon 
1947:NH). 

The  gophers  occasionally  produce  soft  squeaks,  and 
teeth  "clicking"  may  serve  as  a  warning  mechanism. 
The  solitary  behavior  of  pocket  gophers  may  not 
necessitate  a  more  complex  system  of  vocal  communica- 
tion (Howard  and  Childs  1959:HRR). 


Figure  1.— The  pocket  gopher  has  snnall 
eyes,  set  wide  and  high  on  the  head,  and 
snnall  external  ears. 


Taxonomy 

Pocket  gophers  comprise  a  highly  fossorial  group  of 
rodents  found  only  in  the  Western  Hemisphere.  They 
occupy  habitat  types  from  sea  level  to  above  timberline. 
Their  taxonomy  is  based  mainly  on  groove  patterns  of 
the  upper  incisors.  Classification  may  be  complicated  by 
groove  patterns  that  have  developed  similarly  in 
different  lineages  (Akersten  1973:PHM).  Within  this 
family,  Hall  and  Kelson  (1959:GR)  identified  eight  living 
genera:  Thomomys,  Geomys,  Pappogeomys, 
Cratogeomys,  Orthogeomys,  Heterogeomys, 
Macrogeomys,  and  Zygogeomys.  Revised  classification 
schemes  detail  only  five  genera,  three  of  which  occur 
within  the  United  States:  Thomomys,  Geomys,  and 
Pappogeomys  (  =  Cratogeomys)  (Russell  1968b:DT;  Hedl 
1981:GR)  (fig.  2).  Pappogeomys  and  Cratogeomys  are 
used  interchangeably  throughout  this  text,  depending  on 
the  way  individual  researchers  classified  them. 

Complex  distribution  patterns  and  extreme 
geographical  variation  of  pocket  gophers  cause 
classification  difficulties  at  the  species  and  subspecies 
levels  (Patton  1973:G).  The  three  U.S.  genera  display 
varied  morphological  and  ecological  requirements.  Based 
on  these  variations.  Hall  (1981:GR)  identified  five 
species  and  almost  300  subspecies  of  Thomomys  within 
North  America.  In  addition,  he  lists  seven  species  and 
38  subspecies  of  Geomys  and  nine  species  and  54 


subspecies  of  Pappogeomys.  Only  one  species  of 
Pappogeomys  occurs  in  the  United  States. 

Characteristics  of  Age,  Sex,  and 
Development 

Proper  sexing  and  aging  is  important  in  the  assess- 
ment of  gopher  population  dynamics.  Investigators 
generally  use  characteristics  denoting  reproductive 
activity  as  an  indicator  of  age.  Gophers  are  normally 
separated  into  two  age  classes:  young  and  adults. 
Researchers  have  not  developed  reliable  techniques  for 
aging  animals  beyond  1  year  of  age  (adulthood)  (Hansen 
and  Reid  1973:DT). 

The  presence  of  a  pubic  gap  in  a  female  generally  in- 
dicates participation  in  at  least  one  breeding  cycle.  The 
pubic  gap  forms  with  the  resorption  of  the  pubic 
symphysis  just  prior  to  the  first  breeding  season.  At 
this  point  the  female  is  termed  adult.  Investigators  term 
animals  lacking  such  a  gap  as  young  (Hisaw  1924:PHM; 
Miller  1946:RGA;  Hansen  1960:RGA).  Hansen 
(1960:RGA)  also  found  the  size  of  the  uterine  horns  to 
be  of  limited  value  in  distinguishing  young  from  adults 
or  determining  reproductive  activity.  The  horns  remeiin 
small  in  young  until  approximately  6  to  7  months.  The 
presence  of  placental  scars,  lactation  or  enlarged  mam- 
mary tissue,  and  size  of  uterus  in  nonpregnant  females 


(Cratogeomys) 

Figure  2.— General  distribution  of  the  three  genera  of  pocket  gophers  within 
the  United  States.  Prepared  from  distribution  information  in  Hall  (1981:GR). 


give  further  evidence  of  past  and  present  reproductive 
activity  (Lay  1978:RGA). 

Male  aging  criteria  are  more  ambiguous.  Investigators 
consider  males  producing  sperm  or  living  through  at 
least  one  breeding  season  as  adults,  and  class  nonsperm 
producers  as  young  (Vaughan  1967:DT).  The  position, 
size,  and  condition  of  the  testes  often  serve  to  indicate 
male  status  (Hansen  1960:RGA;  Vaughan  1967:DT; 
Brown  1971:RGA;  Lay  1978:RGA).  The  length  of  the 
baculum  also  serves  as  a  distinguishing  characteristic  up 
to  age  7  months  (Vaughan  1967:DT).  Overall  baculum 
length  varies  considerable  among  species  (Ingles 
1965:DT;  Vaughan  1967:DT).  Hansen  (1960:RGA)  pro- 
vides data  on  age-length  relationships  for  T.  talpoides  in 
Colorado. 

In  Florida,  Brown  (1971:RGA)  distinguished  three  age 
groups  (juveniles,  subadults,  and  adults)  of  G.  pinetis 
based  on  body  size  and  condition  of  molt.  Howard  and 
Childs  (1959:HRR)  also  used  characteristics  of  pelage 
but  found  it  relevant  only  for  the  very  young.  They  used 
body  length  and  weight  to  age  T.  bottae  mewa  in 
California  up  to  age  3  or  4  months.  Weights  fluctuated 
widely  after  that.  They  distinguished  8-  to  10-month-old 
males  from  20-  to  22-month-old  males  using  body 
weights.  Body  length  was  more  diagnostic  for  females. 
Adult  males  usually  weigh  more  than  adult  females 
(Howard  and  Childs  1959:HRR;  Wilks  1963:HRR; 
Hegdal  and  others  1965:NH;  Best  1973:DT;  Reid 
1981:RGA). 

Difficulty  is  encountered  in  the  field  when  trying  to 
distinguish  young  from  adults.  Researchers  can 
distinguish  between  young  and  adult  males  by  palpation 

Table  ^.—Age  indicators  for  captive  northern  pocket  gophers 
(T.  talpoides)  in  Utah^ 


Age 


Description 


Days 

1       Hairless;  eyes  visible  as  dark  spots  under  skin; 
pinnae  pinhead-sized  buds  on  side  of  head. 

9  Dorsal  pelage  grey-black;  sparse  white  ventral  hair; 
both  upper  and  lower  incisors  gapped;  young  move 
about  cage  predominatly  using  a  backward  crawl. 

16  Incisors  gap  closed;  foreclaws  pronounced;  pinnae 
protrude  from  head;  young  move  about  actively. 

17  Solid  food  eaten. 

20      Pockets  visible  but  appear  closed  at  exterior; 
auditory  canal  closed. 

23  Foreclaws  0.16  inches  (4  mm)  long. 

24  Eyes  closed;  ears  probably  closed;  pockets  appear 
open  at  exterior;  postjuvenile  molt  in  progress- 
brown  replacing  grey-black  in  dorsal  pelage. 

26      Eyes,  ears  open. 
39      Pouches  used  to  carry  food. 
60      Fighting  among  siblings;  separation  required. 
100      Immature  molt  into  adult  pelage  up  to  half 
completed. 

^Reproduced  from  Anderson  (1978:RGA). 


of  the  OS  penis  (baculum).  Aging  of  females  is  con- 
siderably easier  through  external  examination  of  the 
pubic  gap.  Distinction  becomes  increasingly  difficult  as 
physical  development  progresses  (Hansen  1960:RGA). 

Newborn  pocket  gophers  are  blind  and  naked  (Hill 
1937:PHM).  Andersen  (1978:RGA)  details  developmental 
characteristics  and  rate  of  growth  for  T.  talpoides  based 
on  laboratory  observations  (table  1).  The  average  weight 
at  birth  of  individuals  in  litters  of  five  was  0.126  oz 
(3.58  g),  while  in  htters  of  six,  young  averaged  0.098  oz 
(2.77  g)  each.  Animals  apparently  reached  adult  size  in 
100  days.  Reid  (1981:RGA)  observed  that  T.  talpoides  in 
Colorado  averaged  four  young  per  litter  with  individuals 
weighing  approximately  0.1  oz  (4  g)  each  at  birth. 
Individuals  did  not  attain  a  "near-adult"  weight  of  2.6 
oz  (75  g)  until  approximately  180  days.  Reid  claimed 
young  became  vulnerable  to  trapping  at  1.4  oz  (40  g)  or 
about  50  days.  He  suggested  the  delaying  of  annual 
recruitment  measurements  until  fall  when  all  current 
young  attained  a  trappable  size.  Barnes  (personal  com- 
munication, 1982),  however,  believes  gophers  weighing 
less  than  1.4  oz  (40  g)  could  be  captured. 

REPRODUCTION 

The  breeding  season  for  pocket  gophers  varies 
throughout  their  range  and  depends  on  physical 
characteristics  of  the  environment  (table  2).  Gophers 
take  advantage  of  abundant  food  periods  to  fulfill 
energy  requirements.  Both  mother  and  young  adapt 
cycles  to  maximize  survivability.  T.  bottae  novis  may 
breed  year-round  in  CaUfornia.  The  major  reproductive 
effort,  however,  takes  place  in  spring,  coinciding  with  a 
period  of  abundant  green  growth  and  optimum  soils  for 
burrowing  (Miller  1946:RGA).  Andersen  and  MacMahon 
(1981:RGA)  studied  the  energy  demands  of  pocket 
gophers  in  Utah  and  energy  supplied  by  various  habitat 
types,  and  concluded  that  T.  talpoides  females 
advantageously  delay  breeding  until  a  relatively  snow- 
free  period  when  aboveground  plants  again  become 
available.  Reproduction,  however,  can  occur  before 
snowmelt.  In  a  Colorado  study,  Hansen  (1960:RGA) 
found  dead  young  in  snow  nests  above  the  ground.  Age, 
microclimate,  population  characteristics  (that  is, 
avEiilability  of  males),  and  recent  reproductive  history 
can  influence  the  actual  time  of  conception  (Desy  Eind 
Druecker  1979:RGA).  An  extensive  population  dynamics 
study  on  Colorado  rgingelands  showed  that  most  pocket 
gophers  breed  during  4  to  5  months  from  the  beginning 
of  March  to  the  end  of  June  or  July  (Reid  1973:RGA, 
1981:RGA).  The  majority  of  births  take  place  between 
the  beginning  of  May  and  the  end  of  June.  This 
extended  period  results  from  the  presence  of  two  classes 
of  reproducing  gophers:  adults  older  than  a  year  that 
bear  young  first  in  the  spring;  and  young  of  the 
previous  year  that  bear  during  late  spring  and  summer. 

Some  studies  indicate  that  breeding  or  sexucd 
maturity  occurs  eairlier  in  females  than  in  males  (Wilks 
1963:HRR;  Lay  1978:RGA).  However,  Tryon  (1947:NH) 
reported  that  males  came  into  the  breeding  condition 
first.  The  age  at  which  females  become  a  reproductive 


Table  2.— Fecundity  rates  among  pocket  gophers  by  area  and  habitat  type 


Species 


Habitat 


Location 


Breeding  season 


Number 
Litter  litters/ 

size  year 


Source 


Thomomys      Mountain 
talpoides       meadow 


Thomomys 
talpoides 
quadratus 


Thomomys 
bottae 


Geomys 
bursarius 


Geomys 
pinetis 


Mountain 
meadow 

Fruit  orchards 

surrounded  by 

uncultivated 

pasture 

Annual 

grassland 

Mountainous 

area 

Shortgrass 

prairie 

Sandhill 

Rangeland 

Tampa  Bay  area 


Colorado 

Bridger  mts. 

Montana 

Utah 

Utah 
Oregon 


Oregon 


California 

South  central 

Colorado 

Colorado 

Texas 
Texas 
Southern  Florida 


Mid-March  — Mid-May 

4-5 

1 

Hansen  1960:RGA 

Mid-April  — Mid-May 

4.4  ± 

13 

1 

Tryon  1947:NH 

Early  summer 

5-6 

1 

Andersen  and  MacMahon 
1981;RGA 

Early  summer 

3.23 

1 

Ellison  and  Aldous 
1952:HRR 

Spring  and  early 

5-10 

— 

Moore  and  Reid 

summer 

(6.6) 

1951:HRR 

Peak;  Mid-March 

5-9 

2 

Wight  1930:RGA 

Late  Jan.— April  4.6  1-2 

March— August  3.5  ±1.2  1 

April  — May  3.5  1 

Oct.— June  —  2-3 

Feb.— Aug.  2.7  1-2 

Year-round  1-3  2-3 

Peaks:  June— July  (1-74) 
Feb.  — March 


Howard  and  Childs 
1959:HRR 
Vaughan  1967:DT 

Vaughan  1962:RGA 

Wilks  1963;F 
Wood  1949:RGA 
Brown  1971;RGA 


part  of  the  population  varies  among  species  and  locale. 
Females  reach  puberty  as  early  as  3  months  (Miller 
1946:RGA;  Wood  1949:RGA;  Wilks  1963:HRR).  Brown 
(1971:RGA)  reported  G.  pinetis  became  sexually  mature 
at  4  to  6  months.  Vaughan  (1962:RGA)  reported  an 
8-month  span  prior  to  puberty  for  G.  bursarius. 

Limited  information  exists  on  gestation.  Estimates 
vary  from  18  to  30  days  for  Thomomys  (Scheffer 
1938:RGA;  Howard  and  Childs  1959:HRR;  Reid 
1973:RGA).  Schramm  (1961:RGA)  observed  gestation  to 
last  19  days  for  T.  bottae  in  the  laboratory.  Andersen 
(1978:RGA)  determined  an  18-day  gestation  for  captive 
T.  talpoides. 

Adult  animals  (Thomomys  spp.)  produce  only  one  lit- 
ter per  year  on  most  western  reinge  and  forest  lands. 
Animals  from  these  litters  will  not  mature  sexually  until 
the  following  year.  Reasonably  stable  reproductive  pat- 
terns are  genetically  determined,  but  age  and  seasonal 
environmental  conditions  can  influence  fertility  (Miller 
1946:RGA)  (table  2).  Litter  size  varies  with  locality  and 
habitat  type  Wight  1930:RGA;  Tryon  1947:NH;  Aldous 
1957:F;  Reid  1973:RGA,  1981:RGA).  Females  bear  from 
three  to  more  than  six  young  at  a  time.  Numerous 
authors  have  reported  average  litter  size  (particularly  for 
Thomomys  spp.)  for  a  variety  of  habitats  (Tryon 
1947:NH;  Wirtz  1954:RGA;  Hansen  1960:RGA;  Hansen 
and  Ward  ]966:HRR;  Youmans  1979:HRF;  Andersen 
and  MacMahon  1981:RGA). 


Extended  breeding  seasons  may  occur  in  areas  with 
stable  climates.  T.  bottae  novis,  living  in  the  irrigated 
fields  of  the  Sacramento  Valley,  bred  year-round  and 
produced  up  to  three  litters  annually  with  four  to  six  in- 
dividuals in  each  (Miller  1946:RGA).  In  contrast.  Miller 
found  that  in  northern  California  at  higher  elevations 
gophers  generally  restricted  their  breeding  to  spring. 
Geomys  bursarius  breeds  over  a  longer  time  in  the 
southern  part  of  its  range  (Hisaw  1925:PHM).  Farther 
north,  females  do  not  usually  mature  sexually  until  the 
year  after  birth. 

Brown  (1971:RGA)  reported  the  lowest  litter  sizes  for 
any  species  of  pocket  gopher.  G.  pinetis  produced  from 
two  to  three  litters  annually  with  one  to  three  young 
born  in  each.  This  species  displayed  an  unusually  low 
turnover  rate.  A  high  rate  of  survivEil  apparently  com- 
pensated for  low  reproduction. 

Sexual  development,  fertility,  and  nutritional  factors 
often  correlate  positively.  Hansen  (1960:RGA)  noted  an 
increase  in  sexu2il  organ  development  and  breeding 
activity  when  Thomomys  diet  consisted  primarily  of 
alfafa  roots.  Miller  (1946:RGA)  reported  significantly 
more  breeding  taking  place  in  summer  on  irrigated  land 
than  on  nonirrigated.  Reproduction  depended  greatly  on 
soil  moisture  and  green  vegetation.  On  a  chemically 
treated  Colorado  range,  Hansen  and  Ward  (1966:HRR) 
reported  that  female  pocket  gophers  produced  slightly 
smgdler  mean  litter  sizes  than  females  on  untreated 


range.  Herbicide  use  reduced  broadleaf  forb  production 
on  the  treated  range. 

DISPERSAL 

Weaned  pocket  gophers  may  disperse  from  the  nest  at 
about  5  to  6  weeks  of  age  (Miller  1946:RGA;  Brown 
1971:RGA).  Howard  and  Childs  (1959:HRR)  reported 
dispersal  of  T.  talpoides  at  about  8  weeks.  Other  species 
(G.  bursarius)  mature  sexually  as  early  as  3  months  and 
disperse  (Wood  1949:RGA).  Young  and  mother  coexist 
peaceably  until  increasing  agonistic  behavior  forces 
dispersal  (Wight  1930:RGA).  Distances  recorded  for 
gophers  when  dispersing  or  traveling  vary  (table  3). 
Howard  and  Childs  (1959:HRR)  noted  that  some 
dispersal  occurred  over  the  surface.  Marked  animals 
traveled  at  least  400  ft  (122  m)  before  recapture  with 
funnel  nets. 

Hickman  and  Brown  (1973:B)  recorded  a  maximum 
dispersing  distance  of  260  ft  (79  m)  for  G.  pinetis.  The 
gopher  spent  at  least  20  minutes  above  ground. 
Vaughan  (1963:M)  noted  that  T.  talpoides  moved  up  to 
1,000  ft  (305  m)  at  a  time  with  an  average  of  545  ft  (166 
m).  In  1967.  Vaughan  (1967:DT)  compared  the  distance 
traveled  by  released  individuals  of  T.  talpoides  and  T. 
bottae.  T.  talpoides  moved  a  mean  distance  of  785  ft 
(239  m)  although  one  individual  went  2,590  ft  (789  m).  T. 
bottae  dispersed  a  mean  distance  of  197  ft  (60  m).  One 
individual  traveled  a  maximum  of  900  ft  (274  m). 

Burrowing  through  snow  facilitates  pocket  gopher 
dispersal.  Animals  gain  access  over  obstacles  normally 
blocking  movement  during  snow-free  periods  (Hansen 
and  Reid  1973:DT).  Extensive  movement  may  take  place 
in  the  snowpack  (Hansen  1962:M;  Ingles  1949:M). 

Gophers  may  rapidly  repopulate  control  areas, 
especially  when  improperly  treated  (Keith  1961:CHH; 
Buchner  and  Rorabaugh  1979:DTF).  On  the  Ashton 
District  in  Idaho,  overwinter  reinvasion  occurred  on 
30-acre  (12-ha)  clearcuts  when  surrounding  timber  was 
not  treated  at  least  60  ft  (18  m)  past  the  clearcut 
boundary  (Birch  1982,  personal  communication).  Uncut 
buffer  strips  may  slow  reinvasion.  In  Colorado,  gophers 
repopulated  fall-trapped  1-acre  (0.4-ha)  plots  by  the 
following  summer.  Hansen  and  Reid  (1973:HRR)  sug- 
gested a  200-ft  (61-m)  buffer  zone  to  prevent  reinvasion 
by  gophers  burrowing  in  snow.  Gophers  also  exhibit 
homing  tendencies  after  displacement  (Howard  and 
Childs  1959:HRR). 

ECOLOGICAL  DISTRIBUTION 

In  general,  unsuitable  soil  and/or  flora  types  limit 
pocket  gopher  distribution.  Soil  type  tolerance,  climatic 
conditions,  or  intraspecific  competition  may  limit  the 
range  of  individual  species  (Miller  1964:DT).  McNab 
(1966:GH)  suggested  that  minor  physiological  dif- 
ferencess  between  species  could  influence  distribution. 

The  gophers  display  physical  and  behavioral  adapta- 
tions best  suited  to  their  respective  habitats  (Buchner 
and  Rorabaugh  1979:DTF).  Species  consequently  main- 
tain almost  total  aUopatric  or  parapatric  distributions 
(Bailey  1927,  1931:GR;  Kennerly  1959:DT;  Vaughan 
1967:DT;  Best  1973:DT;  Dalquest  and  Kilpatrick 


1973:DT;  Bradley  and  others  1974:PHM).  Allopatry 
generally  prevails  where  ranges  meet,  although  a  local 
population  may  include  different  species.  Vaughan 
(1967:DT)  described  range  overlap  between  T.  talpoides 
and  T.  bottae  in  Colorado.  Populations  of  one  species 
coexisted  with  individuals  or  colonies  of  the  other; 
however,  both  populations  maintained  reproductive 
isolation.  Vaughan  believed  species  achieved  separation 
through  differences  in  dispersal  abilities  and  reproduc- 
tive cycles. 

Patton  (1973:G)  described  hybridization  occurring 
cunong  T.  bottae  and  T.  umbrinus  in  southern  Arizona 
but  found  no  evidence  of  genie  introgression.  Sterility  in 
male  hybrids  coupled  with  reduced  reproductive  poten- 
tial in  female  hybrids  established  a  "postmating  bar- 
rier." Patton  and  Yang  (1977:G)  hypothesized  that 
chromosomal  organization  in  T.  bottae  was  more  impor- 
tant than  genie  variation  in  events  leading  to  speciation 
and  reproductive  incompatibility. 

Contiguous  allopatry  may  occur  in  some  areas  with 
the  competitive  exclusion  of  one  species  by  another. 
Miller  (1964:DT)  found  a  pattern  of  hierarchy  estab- 
lished among  four  species  of  gophers  in  Colorado. 
Populations  with  the  largest  individuals  outcompeted 
other  populations  for  superior  habitat.  Tolerance  to  the 
soil  type  dictated  a  species'  ability  to  compete.  Superior 
species  with  the  most  restrictive  niche  requirements 
displaced  other  species  to  less  favorable  habitats.  Patton 
(1973:G)  observed  that  T.  umbrinus  appeared  Hmited  in 
distribution  as  a  result  of  direct  competition  from  larger, 
more  aggressive  members  of  T.  bottae.  However,  he  sug- 
gested that  limited  soil  tolerance  and  poor  physiological 
adaptability  of  T.  bottae  prevented  them  from  displacing 
T.  umbrinus  even  further. 

In  general,  larger  species  £ire  more  restricted  by  soil 
type  and  occur  at  lower  elevations  in  deeper,  more  trac- 
table soils.  Smaller  species  inhabit  higher  elevation,  and 
shallower,  rocky  soils  (Davis  1938:PHM;  Dalquest  and 
Scheffer  1944:DT).  But  Tryon  and  Cunningham 
(1968:NH)  found  smaller  individuals  in  deeper,  low  eleva- 
tion soils  while  larger  bodied  animals  inhabited  high 
elevation  habitat.  In  this  case,  animal  size  seemed 
related  to  population  density  and  the  quality  of  forage 
in  animal  diets.  Larger  species  may  displace  smaller 
ones  where  ranges  meet  (Miller  1964:DT;  McNab 
1966:GH).  In  a  conflict  situation,  larger  individuals  may 
dominate,  but  smaller  species  forced  to  occupy  less 
favorable  habitats  may  more  readily  adapt  (Howard  and 
Childs  1959:HRR).  However.  Miller  (1964:DT)  did  not 
find  that  larger  individuals  dominated.  Pappogeomys 
castanops  was  competitively  inferior  to  the  smaller 
members  of  G.  bursarius. 

Extreme  temperatures  may  limit  fossorial  rodents  in 
shallow  soils  (Howard  and  Childs  1959:HRR;  Kennerly 
1964:BE).  Gophers  excavate  deeper  during  hot  and  dry 
periods  (Crouch  1933:DC;  Wilks  1963:HRR).  In  this  way, 
they  may  avoid  heat  stress.  Larger  animals  may  burrow 
proportionately  deeper  because  of  their  size  (Kennerly 
1954,  1959:DT;  McNab  1966:GH).  Howard  and  Childs 
(1959:HRR)  reported  that  burrows  tended  to  collapse 
when  constructed  in  soils  averaging  4  inches  (10  cm)  or 
less  in  depth. 


a> 
u 

a 
o 

(A 


3 
Q. 
O 
Q. 

(D 

•C 
Cl 

o 

o 

o 
Cl 

O) 

c 
o 
E 

<0 
<U 
N 


O) 

C 

5 

o 

■c 

c 


c 
E 

Qi 

i. 
O 

5 


o> 

c 

OJ 

ra 

c 

0) 

0) 

E 

> 
3 

Q.     3 

CO    3 


T3 
O 


O 

a> 

Q. 


-a 

c 

« 

c 

< 

OJ 

O 

(/) 

cc 

■o 

00 

c 

CT> 

< 

CL 

CC 

CD 

H- 

X 

CO 

a 

6) 
in 

03 

CO 

o> 

o> 

c 

T- 

t- 

LL. 

l- 

CO 

5 
o 

:e 

CD 

DC 
■D 

LL 

1- 

Q 

Q 

CO 
C3> 

tr 

I 

Q 

CD 

o 

DC 
CC 
I 
crvi 
in 
en 

■o 

c 

O) 

c 

(0 

c 

c 

C 
CO 

CO 

c 

c 

CT) 

CO 

CD 

CO 

■o 

^ 

CO 

<D 

(U 

^ 

r: 

-C 

CO 

5 

en 

E 

C 

O 

3 

C 

3 

a) 

o 

(0 

(0 

3 

CO 

CO 

CO 

o 

o 

I 

I 

:s: 

> 

CO 

> 

I 

c 

i 

CD 
O 
CD 


E 

0) 
CO 

C3- 
CO 


CO 


<M  in 


CM    lo 


CO 
CO 


CD 

in 

CO 


in 

^— 

CO 

oo 

C\i 

r>- 

t^ 

C\I 

CO 

00 

^~ 

CO 

CO 

CM 

o 
CO 


CO 


CO 
CO 


> 

0) 

CO 

CO 

CD 



</) 

0) 

CO 

CO 

3 

CO 

^ 

s 

CD 
O 

3 

g 

T3 
O 

>. 

C 

^ 

<a 

c 

CJ 

Q. 

o 

— 

C 

^ 

> 

3 

CO 

c 

a3 

CO 

< 

CO 

O 

5 

CO 

O 

c/> 

a 

Q 

CD 

0) 

E 

CO 

> 

O) 

X) 

CD 

c 

CO 

C 

c 

Q. 

Q. 

cu 

O) 

c 
CO 

CO 

.^ 

3 

Q. 

CO   ^ 

13 

E 

c 

2 

CD 
CD 

5 

3 

Q. 
CO 

6 

X 

CO 

c 

o 

CO 

2^  5 

CO 

if> 

o5 

CO 

m 

iz 

o 

CO 

Q. 

^ 

E 

b 

JO 

O 

DC 

Q. 
< 


o6 
§  CO 


O) 


<D 

E 

■^ 

■^^ 

.C     <D 

10 

CO     Q. 

OJ 

^     ? 

o 

3    (D 

T3  «  ^  .tr  -e 

2  E 
o  ^ 


O)     CD  — 


O    

O    CO 


-Q     3 

CO    SI 


(O     ^ 
CD    O 


"O  CO 

C  TO 

CO  — 

CD  P 
C3) 


CL  .E 

O    ^ 

■?;  cj 
o  (0 
CO   •- 


<D 


CO 


n    CD 

--Be 

o    O    O 

Z    UL     O 


3 

>_  CO 
CO  o 
■«;     CD 


_^  CL  V-  CL 

■r  CO  -T  CO 

CO  O  CO  o 

^  CD  ■^  CD 


X3 


CO     c 

O    CO 


■-     CD     i- 
O    O)    'E 

o    " 


O   £   O  O  2i 


CO 

re 

CO 

I 

CD      gj 

)    O)    c 

C3)    >- 

O     3 

J3 


O 

•o 

£    CD 
O    O) 

(S  2 


ii;  CO 


c 

CO   to  5 

Tl     -^  CJ 

w-     >     3  CO 

CD     0)     O  CD 

E  E 


CO 


CO  CO 

E  .-o 

O  O 

E  a- 

O  CO 


CD  ^ 
■Q    E 

Q.  *- 
lo  "^ 
,  •   to 


CO 

is 

o  o 


CO  CO 

fc  o 

O  C: 

E  c 


E  ^ 
o  c 


Pocket  gophers  prefer  light,  friable,  well-drained  soils. 
They  select  porus,  sandy  soils.  Clay  types  may  be  too 
compact  for  burrowing.  (Davis  and  others  1938:S;  Davis 
1940:DT;  Kennedy  1954:DT,  1958:NH,  1964:BE; 
Howard  and  Childs  1959:HRR;  Wilks  1963:HRR;  Miller 
1964:DT;  Andersen  and  MacMahon  1981:RGA). 
Andersen  and  MacMahon  (1981:RGA)  proposed  dif- 
ferences in  "burrowing  efficiency"  as  opposed  to 
agonistic  displays  of  behavioral  dominance  as  the  best 
explanation  for  parapatry  eunong  pocket  gophers. 

Gophers  may  live  in  soils  where  mean  moisture  con- 
tent ranges  from  less  than  10  to  more  than  50  percent 
(Hansen  and  Beck  1968:HRR).  Andersen  and  MacMahon 
(1981:RGA)  noted  that  T.  talpoides  apparently  could  not 
dig  in  dry,  compact  soils  and  showed  aversion  to  bur- 
rowing in  wet  soils.  Burrowing  became  impossible  when 
moist  soils  froze.  Youmans  (1979:HRF)  noted  that 
swales  in  Montana  contained  too  much  moisture  for 
gopher  inhabitance  until  late  summer.  Dispersing 
juveniles  would  then  establish  territories  in  those  areas. 
Ingles  (1949:M)  noted  that  pocket  gophers  abandoned 
burrows  during  active  snowmelt  and/or  runoff.  Nju-row 
strips  of  wet,  soggy  soil  often  acted  as  barriers  to 
dispersal. 

Pocket  gophers  require  high  rates  of  gas  exchange  in 
their  burrows  (Kennerly  1964:BE;  McNab  1966:GH). 
Clay  soils  with  high  water-holding  capacity  may  not  per- 
mit an  adequate  exchamge  of  oxygen  and  carbon  dioxide 
(McNab  1966:GH). 

Chemical  properties  of  the  soil  may  not  directly  affect 
pocket  gopher  distribution  except  through  modification 
of  existing  soil  structure  and  plant  composition  or  pro- 
duction. Soil  fertility  may  become  increasingly 
important  as  it  affects  the  presence  or  absence  of  prefer- 
red vegetation  (Hansen  and  Reid  1973:DT).  Davis 
(1938:PHM)  placed  little  importance  on  soil  pH. 

Patterns  of  distribution  reflect  other  physiological  and 
morphological  adaptation  by  gophers  to  their  en- 
vironments. Bradley  and  others  (1974:PHM)  compared 
metabolic  rates  and  thermal  conductance  between  moun- 
tain meadow  dwelling  species  (T.  talpoides)  and  gophers 
(T.  umbrinus)  living  in  the  deserts  of  Nevada.  The 
smaller  size,  longer  tails,  and  reduced  insulation  of  T. 
umbrinus  contributed  to  lower  metabolic  rates  and 
higher  thermal  conductance.  The  investigators  felt  these 
adaptations  to  different  environmental  conditions  ex- 
plained their  ecological  distributions. 


BEHAVIOR 
Food  Habits 

Pocket  gopher  food  preferences  show  marked 
geographic  variation.  Strictly  herbivorous  gophers  use 
all  the  plant  parts  during  the  course  of  active  year- 
round  feeding  (Ward  1973:FF).  Aldous  (1951:FF) 
reported  pocket  gophers  feeding  in  the  immediate  vicini- 
ty of  their  mounds  but  could  not  determine  how  far 
gophers  ranged  to  forage  aboveground.  Ward  (1960:FF) 
noted  that  pocket  gophers  gathered  aluminum-coated 
grain  on  the  surface,  indicating  that  aboveground  forag- 
ing may  be  more  extensive  than  previously  thought.  The 


Colorado  Cooperative  Pocket  Gopher  Project  (1960:DT) 
also  documented  aboveground  feeding  in  summer. 

Tryon  and  Cunningham  (1968:NH)  believed  gophers 
could  "select"  foods  based  on  proportionately  higher 
quantities  of  proteins  and  fats  found  in  their  stomachs 
than  in  habitat  vegetation.  Some  species  select  and  rely 
on  forbs,  as  indicated  by  studies  in  Colorado  (Keith  and 
others  1959:DC;  Ward  1960:FF;  Ward  and  Keith 
1962:FF;  Vaughan  1967:FF;  Turner  1973:HRR),  Mon- 
tana (Tryon  1947:NH),  Oregon  (Moore  and  Reid 
1951:HRR),  and  Utah  (Aldous  1951:FF).  Grasses,  even  if 
abundant,  often  comprise  only  a  minor  proportion  of 
Thomomys  diet  (Ward  1973:FF).  In  feeding  trials  of  T. 
talpoides,  Teitjen  and  others  (1967:HRR)  reported  that 
only  those  grasses  high  in  moisture  content  or  with  food 
storage  structures  could  provide  diets  capable  of  sus- 
taining gophers.  Vaughan  (1967:FF)  said  grasses  com- 
prise 72  percent  of  the  vegetation  in  his  Colorado  study 
area,  but  composed  only  30  percent  of  the  Euinual  diet 
for  T.  talpoides. 

In  south-central  Oregon,  T.  mazama  preferred  the  an- 
nual forbs  that  comprised  57  percent  of  the  vegetative 
cover,  but  they  subsisted  on  perennial  grasses  when 
forbs  were  not  available  (Burton  and  Black  1978:FF). 
Preferred  forbs  include  common  dandelion  (Taraxacum, 
officinale),  lupine  (Lupinus  spp.),  penstemon  (Penstemon 
rydbergii),  western  yarrow  {Achillea  millefolium 
lanulosa),  agoseris  {Agoseris  spp.),  hairy  goldaster 
{Chrysopsis  villosa),  slenderleaf  gilia  (Gilia  linearis), 
aspen  peavine  (Lathyrus  leuconthus),  fremont  geranium 
{Geranium  fremontii),  and  beauty  cinquefoil  {Potentilla 
pulcherrima)  (Ward  1960:FF,  1973:FF;  Hansen  and 
Ward  1966:HRR). 

Forbs  and  shrubs  constituted  67  percent  of  the  annual 
diet  on  shortgrass  prairie  in  Colorado.  Pocket  gophers 
relied  most  heavily  on  pricklypear  {Opuntia  polyacan- 
tha),  which  serves  as  a  primary  source  of  nutrition  and 
water.  A  combination  of  weather  and  intensive  gopher 
consumption  of  pricklypear  probably  influences  local 
abundance  of  this  plant  (Vaughan  1967:FF).  On  forest 
lands  in  California,  T.  monticola  preferred  lupine  but 
consumed  proportionally  high  quantities  of  whitethorn 
ceanothus  {Ceanothus  cordulatus),  gooseberry  {Ribes 
roezoli),  and  some  red  fir  {Abies  magnifica)  (Buchner  and 
Rorabaugh  1979:DTF). 

Pocket  gophers  are  adaptable  in  their  feeding  habits, 
and  food  preferences  are  responsive  to  changes  in  the 
availability  of  forage  species  (Ward  1973:FF;  Burton  and 
Black  1978:FF).  They  primarily  select  green,  succulent, 
aboveground  leaves  and  stems  during  the  growing 
season.  Depending  on  the  habitat,  underground  plant 
parts,  roots,  or  grasses  become  most  important  during 
the  dormant  season  (Wsird  1960:FF;  Myers  and  Vaughan 
1964:FF;  Burton  and  Black  1978:FF). 

The  variable  feeding  preferences  of  pocket  gophers  do 
not  preclude  any  plant  species  from  attack  in  certain 
situations  (Canutt  1970:DTF;  Working  Group  of  the 
Northwest  Forest  Pocket  Gopher  Committee  1976:DTF; 
Crouch  1979:DC).  Studies  of  gopher  preferences  for 
specific  conifer  species  showed  weak  correlations  or  none 
at  all.  Crouch  (1971:DTF)  found  no  significant  difference 
in  gopher  preference  among  ponderosa  pine  {Pinus 


ponderosa),  Jeffrey  pine  {P.  jeffreyi),  and  lodgepole  pine 
(P.  contort  a). 

Andersen  and  MacMahon  (1981:RGA)  studied  energy 
requirements  of  T.  talpoides  and  relationships  between 
forage  availability  in  different  environments  along  a  suc- 
cessional  gradient.  The  species  displayed  catholic  food 
habits  and  ate  anything  nonnoxious.  High  energy  costs 
of  securing  foods  made  these  actions  seem  reasonable. 

Pocket  gophers  store  food  in  lateral  tunnels  that 
branch  from  the  main  runway.  These  food  caches  may 
exceed  their  needs  (Ward  1973:FF).  Ward  located  the 
caches  of  T.  talpoides  in  Colorado  3  to  4  inches  (8  to  10 
cm)  below  surface.  Idaho  studies  on  T.  talpoides  showed 
caches  to  be  deeper,  usually  from  7  to  12  inches  (17  to 
30  cm). 

Activity  Periods 

Gophers  remain  active  year-round  (Scheffer  1931:B; 
Hansen  and  Reid  1973:HRR;  Andersen  and  MacMahon 
1981:RGA).  In  temperate  regions,  gophers  appear  to  be 
most  active  during  spring  and  iall  (Scheffer  1931:B; 
Griddle  1930:NH).  In  drier  areas,  activity  peaks  during 
the  rainy  season  (Miller  and  Bond  1960:B).  Miller 
(1948:B,  1957:BE)  found  digging  activity  related  to  soil 
moisture  in  the  Sacramento  Valley  and  other  climatical- 
ly similar  regions.  Activity  remains  lowest  in  summer 
and  early  fall,  then  rises  abruptly  after  the  first  heavy 
autumn  rains.  Kuck  (1969:DTF)  used  radioisotope  label- 
ing on  gophers  to  follow  their  activities  throughout  the 
summer.  He  noted  that  activity  occurred  24  hours  a  day 
but  intensified  during  daytime.  He  also  related  inten- 
sified seasonal  activity  with  increased  soil  moisture. 
More  active  females  and  juveniles  moved  farther  than 
adult  males. 

Miller  and  Bond  (1960:B)  discovered  that  mountain 
populations  of  T.  talpoides  remained  inactive  in  late 
spring  and  summer  during  presumably  ideal  soil 
moisture  and  burrowing  conditions.  Seasonal  activities 
appeared  to  be  the  result  of  changes  in  breeding 
behavior  and  feeding  habits. 

Howard  and  Childs  (1959:HRR)  found  that  pocket 
gophers  maintained  deeper  burrows  during  hot,  dry  sum- 
mer conditions.  They  observed  some  gophers  in  a  "pro- 
found sleep"  under  laboratory  conditions.  They 
speculated  that  Thomomys  might  undergo  a  period  of 
torpidity  when  conditions  become  exceedingly  warm  or 
dry.  Kuck  (1969:DTF)  found  that  radiotracked  gophers 
often  became  inactive  for  long  periods  during  late  sum- 
mer. Some  underwent  a  period  of  estivation.  One  adult 
male  remained  inactive  for  13  days  in  mid- August. 

The  literature  contains  limited  knowledge  of  daily  ac- 
tivity patterns  of  pocket  gophers.  Andersen  and  Mac- 
Mahon (1981:RGA),  employing  radiotelemetry,  found  T. 
talpoides  remaining  active  during  all  hours  of  the  day. 
They  could  not  define  the  type  of  activity  being  per- 
formed but  assumed  gophers  spent  50  percent  of  each 
day  in  nonresting.  Two  weeks  of  continual  monitoring 
revealed  that  individuals  spent  approximately  34  percent 
of  their  time  in  activity  (Vaughan  and  Hansen 
1961:PHM).  Tryon  (1947:NH),  finding  that  T.  talpoides 
in  Montana  excavated  about  60  percent  more  soil  at 


night,  deduced  that  most  activity  probably  occurred  at 
dawn  and  at  dusk.  Hungerford  (1976:FF),  however, 
disclaimed  reliance  on  surface  sign  as  an  indicator  of 
total  daily  activity  patterns  based  on  laboratory  find- 
ings. Mound  building  occurred  most  frequently  in  the 
morning  and  at  night.  Other  activities  took  place  around 
the  clock  with  intermittent  rest.  Gophers,  when  secure 
in  their  burrows,  may  not  leave  any  aboveground  sign 
for  months.  Kuck  (1969:DTF)  found  activity  varied 
throughout  the  summer,  although  the  actual  distances 
traveled  by  gophers  did  not  change.  Evidence  indicated 
that  activity  did  not  correlate  with  seasonal  movement. 
Environmental  conditions  influenced  daily  activity  but 
not  total  distance  traveled  to  defend  territory.  In  addi- 
tion to  defense,  movement  in  search  of  food  may  con- 
tinue regardless  of  environmental  conditions. 

Territoriality 

Pocket  gophers  actively  defend  individual  territories 
most  of  the  year.  Their  home  ranges  usually  correspond 
with  the  burrow  system.  Kuck  (1969:DTF)  and  others 
noted  that  home  ranges  tend  to  be  linear  in  shape,  with 
activity  usually  concentrated  in  certain  portions  of  the 
territory.  Hansen  and  Remmenga  (1961:F)  found  that 
relationships  existed  between  pocket  gopher  densities 
and  the  size  and  distribution  of  territories.  At  low 
populations,  territories  remained  clustered  with  a  good 
deal  of  vacant  land  between  colonies.  At  intermediate 
densities  individual  territory  size  approaches  a  normal 
distribution.  A  regular  distribution  pattern  with  ter- 
ritories similar  in  size  existed  at  high  densities. 

Males  generally  maintain  larger  territories  than 
females  (Kuck  1969:DTF).  In  California,  Howard  and 
Childs  (1959:HRR)  estimated  that  burrow  systems 
covered  8,860  ft2  (823  m2)  for  males  and  4,260  ft2  (396 
m2)  for  females.  Larger  territories  existed  when  popula- 
tion densities  were  lower.  On  Black  Mesa,  open  tunnel 
length  for  T.  talpoides  ranged  from  80  to  105  ft  (24  to 
32  m).  Individual  burrow  systems  could  cover  some 
6,530  ft2  (600  m2)  (Hansen  and  Reid  1973:HRR). 

Dispersing  subadults  quickly  take  over  vacated  bur- 
row systems.  Young  animads  looking  for  a  home  site 
may  occupy  marginal  habitats  until  better  areas  become 
available  when  older  animals  die  or  move.  Howard  and 
Childs  (1959:HRR)  believed  that  T.  talpoides  established 
territories  for  a  lifetime  in  the  California  foothills  where 
snow  is  uncommon.  Hansen  and  Reid  (1973:DT)  noted 
that  gophers  abandoned  belowground  territories  during 
Colorado  winters  £md  burrowed  solely  in  the  snowpack. 
When  forced  back  to  their  subterranean  habitats, 
gophers  did  not  necessarily  return  to  previously  oc- 
cupied burrows.  Similarly,  gophers  displaced  by 
snowmelt  and  rising  groundwater  tables  did  not  edways 
return  to  their  original  systems. 

Gophers  become  tolerant  enough  of  one  another  to  in- 
termix in  individual  burrow  systems  only  during  the 
breeding  season.  Investigators  most  often  recorded 
plural  occupancy  of  burrow  systems  by  the  same  species 
during  this  time  (Miller  1946:RGA;  Hansen  and  Miller 
1959:B;  Howard  and  Childs  1959:HRR;  Vaughan 
1962:RGA).  Plural  occupancy  involving  two  adult  in- 


dividuals  of  different  species  happens  less  often. 
Vaughan  (1967:DT)  reported  three  separate  cases  of 
multispecies  occupancy  in  Colorado.  He  concluded  that 
inter-  and  intraspecific  tolerance  did  not  differ  during 
periods  of  breeding. 

BURROW  SYSTEMS 

Numerous  authors  describe  the  burrow  systems  of 
various  species  (Scheffer  1931:B,  1940:BE;  Tryon 
1947:NH;  Smith  1948:BE;  Downhower  and  Hall 
1966:DT;  Hansen  and  Reid  1973:HRR;  Hickman 
1977:BE).  Best  (1973:DT)  compared  and  contrasted 
characteristics  of  tunnel  systems  and  mounds  of  T.  bot- 
tae,  P.  castanops,  and  G.  bursarius.  He  felt  confident  in 
identifying  species'  presence  by  observing  mounds  and 
other  ground  surface  features. 

Generadly,  main  tunnels  run  parallel  to  the  ground. 
Downhower  and  Hall  (1966:DT)  classified  them  as  either 
"deep"  or  "subsurface."  Main  tunnels  contain  numerous 
lateral  branches  that  often  terminate  at  the  surface  in 
characteristic  fan-shaped  mounds. 

Tunnel  diameters  vary  between  2  and  4  inches  (5  and 
10  cm)  depending  on  species  and  animal  size  (Scheffer 
1940:BE;  Smith  1948:BE;  Moore  and  Reid  1951:HRR; 
Best  1973:DT;  Hansen  and  Reid  1973:DT).  Best 
(1973:DT)  used  tunnel  diameter  coupled  with  depth  and 
shape  characteristics  to  distinguish  burrow  systems  of 
different  species. 

"Plugs,"  although  difficult  to  see,  also  indicate  gopher 
presence.  Plugs  remain  after  gophers  seal  feeding  tun- 
nels or  repair  open  breaks  in  their  burrows  at  ground 
level  (Hansen  and  Reid  1973:DT;  Buchner  and 
Rorabaugh  1979:DTF). 

Pocket  gophers  use  subsurface  tunnels  for  feeding. 
Such  tunnels  usually  occur  in  the  top  4  to  12  inches  (10 
to  30  cm)  of  soil.  Soil  and  vegetation  structure  may  con- 
trol tunnel  depth  (Davis  and  others  1938:S;  Moore  and 
Reid  1951:HRR;  Downhower  and  Hall  1966:DT;  Hansen 
and  Reid  1973:DT).  Tryon  (1947:NH)  reported  T. 
talpoides  constructed  feeding  burrows  12  to  16  inches 
(30  to  40  cm)  below  patchy  areas  of  sagebrush.  Tunnel 
length  varies  and  can  run  several  hundred  feet  in  all 
(Moore  and  Reid  1951:HRR;  Downhower  and  Hall 
1966:DT).  Richens  (1966:B),  following  and  recording  the 
activities  of  one  T.  talpoides  released  in  Utah,  noted 
that  this  gopher  constructed  480  ft  (146  m)  of  feeding 
tunnels  over  5  months.  Tryon  (1947:NH)  beheved  pocket 
gophers  could  maintain  a  maximum  of  150  to  200  ft  (45 
to  60  m)  of  feeding  tunnels.  Food  availability  in  an  area 
may  partially  determine  the  degree  of  burrowing  activity 
(Scheffer  1931:B;  Moore  and  Reid  1951:HRR). 

Deep  tunnels  often  lead  to  nests  and  may  attain 
depths  of  5  ft  (1.5  m)  or  more  (Moore  and  Reid 
1951:HRR).  Nests  are  usually  chambers  lined  with  dry 
leaves  and  grasses  (fig.  3).  In  Kansas,  Downhower  and 
Hall  (1966:DT)  noted  that  gophers  did  not  construct 
nests  at  the  deepest  point  of  the  burrow  system.  A  run 
usually  extended  deeper  from  a  chamber,  suggesting 
that  it  may  serve  to  drain  other  portions  of  the  burrow 
system. 


Figure  3.— A  winter  nest  nnade  by  tine  gopher 
under  the  snow. 


Gophers  burrow  through  the  snowpack  in  winter 
(Scheffer  1931:B;  Ellison  1946:S;  Tryon  1947:NH;  Miller 
1948:B;  Ingles  1949:M,  1952:HRR;  Hansen  and  Reid 
1973:DT).  Snow  tunnels  may  reach  a  length  of  more 
than  100  ft  (30  m)  (Ingles  1949:M;  Hansen  and  Reid 
1973:DT).  Gophers  form  soil  casts  by  pushing  soil  up 
from  their  burrow  system  into  tunnels  dug  in  the  snow. 
These  cylindrical  casts  settle  to  the  ground  during 
spring  snowmelt,  leaving  evidence  of  winter  activity 
(Hansen  and  Reid  1973:DT)  (fig.  4). 

Several  reports  discuss  the  microenvironment  of  the 
burrow  system  including  characteristics  of  temperature, 
light,  and  humidity.  Past  research  includes:  the  effects 
of  microclimate  on  thermoregulatory  capacities  of  pocket 
gophers  (Kennerly  1964:BE;  McNab  1966:GH;  Gettinger 
1975:PHM);  comparison  of  metabolic  and  ther- 
moregulatory patterns  between  desert  and  mountain 
species  of  Thomomys  (Bradley  and  others  1974:PHM); 
and  examination  of  the  physiological  and  morphological 
differences  and  adaptation  of  one  species  in  two  distinct 
environments.  Andersen  and  MacMahon  (1981:RGA) 
related  features  of  microclimate  and  metabolic  rates  to 
the  energy  requirements  of  T.  talpoides  and  subsequent 
survival  limitations. 

Other  animals  will  use  the  gopher  burrow  systems, 
but  the  extent  of  interaction  between  gophers  and  other 
species  remains  unclear.  Hickman  (1977:BE)  lists  the 
parasitic  and  nonparasitic  invertebrates,  amphibians, 
reptiles,  and  small  mammals  found  in  these  systems  and 
discusses  some  interactions  observed  in  the  laboratory. 

Vaughan  (1961:BE)  recorded  22  species  of  vertebrates 
using  geomyid  burrows  for  shelter,  protection,  or  as  ac- 
cess routes  for  feeding.  He  noted  that  geomyid  rodents 
and  tiger  salamanders  (Ambystoma  tigrinum)  appear  to 
be  tolerant  of  each  other.  In  fact,  the  existence  of  the 


Figure  4.— Winter  casts  are  left  intact  as  the  snow  melts. 


salamander  in  certain  semiEirid  habitats  may  be  depen- 
dent on  the  presence  of  burrows.  In  other  instances, 
gophers  and  other  animals  may  compete  directly  for 
food  and  space  (Turner  1973:HRR). 

ABUNDANCE  AND  POPULATION 
FLUCTUATION 

Pocket  gopher  populations  may  change  due  to  the  ef- 
fects of  weather,  soil,  flora,  recruitment,  competition, 
diseases,  natural  enemies,  and  land  use  practices  (Frank 
1975:DC;  Turner  and  others  1973:HRR;  Anderson 
1976:HRF).  Because  geomyids  are  so  adaptable  in  their 
feeding  habits,  plant  composition  and  abundance  are 
probably  the  primary  regulators  of  gopher  density  in  a 
habitat  (Walker  1949:DT;  Moore  and  Reid  1951:HRR; 
Keith  and  others  1959:DC;  Turner  and  others 
1973:HRR;  Barnes  1974:HRF;  Buchner  and  Rorabaugh 
1979:DTF).  Gopher  densities  usually  increase  on  lands 
disturbed  by  fire,  roadbuilding,  logging,  site  preparation, 
or  other  events  that  open  the  canopy  or  disturb  the  soil. 
Preferred  early  successional  forbs  and  grasses  often 
thrive  in  these  areas  (Crouch  1969:DTF;  Volland 
1973:HRF;  Anderson  1976:HRF;  Capp  1976:DTF;  Bur- 


ton and  Black  1978:FF),  and^this  may  increase  the  car- 
rying capacity  in  gopher-occupied  areas  or  may  en- 
courage the  establishment  of  new  populations  (Barnes 
1974:HRF). 

Andersen  and  MacMahon  (1981:RGA)  studied  popula- 
tions of  T.  talpoides  in  four  stages  of  a  montane  sere 
ranging  from  subalpine  forb  meadow  to  cHmax 
Engelmann  spruce  (Picea  engelmanii)  forest.  Usable 
plant  energy  decreased  with  each  successive  stage.  The 
availability  of  palatable  underground  vegetation  cor- 
related with  the  rodent  populations.  Climax  spruce 
forest  could  not  meet  their  year-round  energy  re- 
quirements, and  intermediate  serai  stages  were  not  like- 
ly to  meet  the  energy  needs  associated  with  reproduc- 
tion in  females.  In  early  serai  stages,  Andersen  and 
MacMahon  (1981:RGA)  thought  weather  patterns  that 
restricted  burrowing  efficiency  influenced  population 
growth  more  than  the  abundance  of  food. 

Pocket  gophers  avoid  areas  with  heavy  brush,  slash, 
or  deep  shade  (Buchner  and  Rorabaugh  1979:DTF). 
Overstory  removal  that  leads  to  brush  encroachment 
and  limits  herbage  growth  also  discourages  gopher  in- 
habitation (Biu-nes  1974:HRF).  Similarly,  when  herbicide 
treatments  reduce  vegetation,  significant  reductions  in 
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gopher  densities  follow  (Howard  and  Childs  1959:HRR; 
Keith  and  others  1959:DC;  Hansen  and  Ward 
1966:HRR;  Tietjen  and  others  1967:HRR). 

Population  densities  may  not  directly  relate  to  eleva- 
tion, but  soil  and  vegetation,  as  they  vary  with  altitude, 
influence  them  indirectly  (Best  1973:DT;  Reid 
1973:RGA).  Tryon  and  Cunningham  (1968:NH)  compared 
an  alpine  population  of  T.  talpoides  with  one  existing 
2,200  ft  (670  m)  lower.  Fewer  animals  occupied  the  high 
elevation  habitat.  Forage,  however,  was  of  a  higher 
quality  in  the  alpine  zone  and  individuals  there  were 
larger. 

Abundance 

Anderson  (1976:HRF)  characterized  T.  talpoides 
populations  in  their  Oregon  habitats  with  19  variables 
measured  on  157  sites.  Gopher  activity  and  numbers 
caught  increased  with  elevation  and  slope  and  in  more 
mesic  conditions.  A  large  number  of  forbs  in  disturbed 
areas  provided  the  best  habitat.  In  Yellowstone  National 
Park,  Youmans  (1979:HRF)  studied  populations  of  T. 
talpoides  and  relationships  to  vegetation,  soil  texture, 
soil  moisture,  and  snowmelt  phenology.  His  data  sug- 
gested that  soil  depths  and  temperatures,  not  forb  pro- 


duction, primarily  hmited  gopher  densities.  Soil  moisture 
limited  their  distribution. 

Volland  (1973:HRF)  describes  preferences  of  pocket 
gophers  for  certain  habitat  types  in  central  Oregon.  He 
divided  1,798,900  acres  (728  000  ha)  into  23  identifiable 
community  types  then  consolidated  the  communities  in- 
to three  classes:  moderate  to  high  incidence  of  gophers; 
low  incidence,  but  a  great  potential  for  occupancy;  and 
little  activity.  Most  preferred  communities  were 
lodgepole  pine  sites  supporting  lush  stands  of  long- 
stolon  sedge,  forbs,  or  both.  Gopher  activity  in  natural 
nondisturbed  stands  was  minimal  or  nonexistent. 

Irregular  and  rapid  fluctuations  commonly  occur  in 
the  rodent  populations  from  year  to  year  (Ingles 
1952:HRR;  Tietjen  and  others  1967:HRR;  Tryon  and 
Cunningham  1968:NH;  Julander  and  others  1969:HRR; 
Andersen  and  MacMahon  1981:RGA).  However,  popula- 
tions exhibit  a  relative  degree  of  stability  over  time  that 
is  often  attributed  to  intraspecific  territorial  behavior 
(Howard  and  Childs  1959:HRR;  Hansen  1962:M; 
Vaughan  1967;DT).  Andersen  and  MacMahon 
(1981:RGA)  hypothesized  that  intraspecific  competition 
suppressed  growth  in  subalpine  populations  when  they 
reached  some  threshold  density.  Maximum  densities 
vary  with  locale  (table  4),  but  studies  show  T.  talpoides 


Table  4.— Late  summer  and  fall  pocket  gopher  densities  by  area  and  habitat  type 


Number  years 

Density  (individua 

ils/ha) 

Species 

Habitat 

Location 

censused 

Range 

Max. 

IVIean 

Source 

Thomomys 

Mountain 

Bridger  Mts., 

1 

— 

74 

Tryon  1947:NH 

talpoides 

meadow 

Mont. 

Beartooth  Mts., 

6 

15-44 

44 

Tryon  and 

Wyo.  (Canadian 

Cunningham  1968:NH 

Zone  Sta.) 

Grand  Mesa,  Colo. 

9 

20-52 

52 

37 

Reid  1981:RGA 

Black  Mesa,  Colo. 

15 

12-79 

79 

52 

Ibid. 

Wasatch  Mts., 

2 

67-96 

96 

Richens  1965:PD 

Utah 

Bear  River  Mts., 

3 

10-62 

62 

Andersen  and 

Utah 

MacMahon  1981:RGA 

Aspen- 

Utah 

3 

2-35 

35 

Ibid. 

donninated  forest 

Subalpine 

Utah 

3 

0-10 

10 

Ibid. 

fir  forest 

Engelmann 

Utah 

3 

0-2 

2 

Ibid. 

spruce  climax 

Grazed 

ponderosa 

Colorado 

7 

— 

— 

10 

Reid  1973:RGA 

pine  bunchgrass 

Ungrazed 

Colorado 

7 

— 

— 

22 

Ibid. 

Thomomys 

Mountain 

Sierra  Nevada 

4 

10-36 

36 

Ingles  1952;HRR 

monticola 

meadow 

Mts.,  Calif. 

combining  data 
for  two  meadows: 
autumn  only 

Thomomys 

Annual  type 

California 

6 

49-101 

101 

Howard  and  Childs 

bottae 

range 

year  long  census 

1959:HRR 

mewa 

Geomys 

Open  pasture 

Eastern  Texas 

1 

— 

17a 

3 

Davis  and  others 

breviceps 

spring  counts 

1938:S 

^This  maximum  density  is  based  on  a  report  they  note  from  another  study  in  the  same  area. 
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populations  consistently  peak  at  between  24  and  36  in- 
dividuals per  acre  (60  to  90  per  ha).  (Andersen  and  Mac- 
Mahon  1981:RGA). 

Density-independent  factors  most  likely  regulate 
population  densities  below  peak  levels. 

Longevity,  Age,  and  Sex  Structure 

Andersen  and  MacMahon  (1981:RGA)  did  not  find  fer- 
tility rates  to  vary  with  density,  and  attributed  varia- 
tion in  population  levels  wholly  to  factors  influencing 
mortality  rates.  Longevity  varies  among  gophers.  Max- 
imum lifespans  range  from  3  to  5  years  with  an  average 
close  to  2  years  (Ingles  1952:HRR;  Reid  1973:RGA). 
Young-of-the-year  may  replace  75  percent  or  more  of  the 
population  annually  (Tryon  1947:NH;  Hansen 
1960:RGA;  Youmans  1979:HRF). 

Juvenile  survivorship  strongly  impacts  population  den- 
sities (Vaughan  1967:DT).  In  the  Pacific  Northwest, 
juveniles  comprise  a  greater  percentage  of  the  popula- 
tion in  fall  (Youmans  1979:HRF)  while  adults  constitute 
a  larger  proportion  in  spring  and  summer  (Tryon 
1947:NH;  Hansen  and  Ward  1966:HRR)  (table  5).  In  Col- 
orado, Reid  (1973:RGA)  found  a  general  correlation  be- 
tween the  age  structure  in  fall  and  gopher  density  the 
following  year.  Increased  adult  body  weights  and  high 


juvenile  populations  in  fall  (greater  than  50  percent) 
usually  indicated  high  densities  the  following  year.  Con- 
versely, when  fall  populations  exhibited  a  preponderEuice 
of  adults  (greater  than  50  percent),  abundance  tended  to 
decline  the  next  year. 

Rising  ground  water  tables  during  snowmelt  create 
the  period  of  greatest  vulnerability  for  young  (Vaughan 
1967:DT;  Hansen  and  Reid  1973:DT).  Populations 
showed  abrupt  declines  when  adverse  snow  conditions 
resulted  in  poor  juvenile  recruitment.  Reid  (1981:RGA) 
suggested  that  the  water  content  of  the  snowpack  and 
the  date  at  which  snowmelt  was  complete  could  be  used 
to  indicate  population  trends. 

Male  to  female  sex  ratios  vary  in  gopher  populations 
and  usually  relate  to  the  sampling  season  (Howard  and 
Childs  1959:HRR).  Estimates  often  show  a 
preponderance  of  adult  females  to  adult    males,  with 
juvenile  ratios  generally  more  balanced  (Wood 
1949:RGA;  Hansen  1960:RGA;  Lay  1978:RGA; 
Andersen  and  MacMahon  1981:RGA)  (table  6). 

Andersen  and  MacMahon  (1981:RGA)  hypothesized 
that  males  may  experience  higher  mortality  because  of 
increased  activity  during  the  breeding  season,  resulting 
in  prolonged  exposure  to  wet,  saturated  soils.  Brown 
(1971:RGA),  studying  G.  pinetis  in  Florida,  believed 
males  travel  aboveground  to  search  out  females  for 


Table  S.—Age  structure  of  pocket  gopher  populations 


Total  number 

Number 

years 

Time  of 

Percent 

Percent 

of  gophers 

Species 

sampled 

sampling 

adults 

juvenile 

sampled 

Source 

Thomomys 

talpoides 

15 

Fall 

57 

2,531 

Reid  1981:RGAa 
(Black  Mesa) 

5 

Fall 

64 

1,083 

Ibid.  (Grand  Mesa) 

1 

June 
Aug. 
Sept. 

7 

78 

80 

69 

9 

64 

Younnans  1979:HRF 

4 

Year  round 
during  snow- 
free  periods 

34 

1,738 

Hansen  1960:RGA 

4 

June 
Aug. 
Sept. 

14 
55 
72 

Tryon  1947:NH 

Geomys 

(Monthly 

pinetis 

1 

May-April) 

July 

48.2 

505 

Brown  1971:RGAb 

Oct. 

67.4 

Feb. 

82.4 

Geomys 

bursarius 

3 

Monthly 

total 

23 

1,218 

Vaughan  1962:RGA 

Aug. -Dec. 

48 

Feb, 

40 

1 

Sept. 
Nov. 
Dec. 

42.3 

3.3 

0 

585 

Wood  1949:RGAc 

^Generally,  young  of  the  year  dominated  in  fall  populations  and  tfieir  densities  often  determined  population  sizes— 

particularly  in  years  when  they  were  near  the  mean  high  population  level. 
''Brown  distinguishes  3  age  classes:  adults,  subadults,  and  juveniles. 
'^This  figure  includes  females  only. 
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Table  6.— Sex  ratio  for  different  populations  of  pocket  goptiers 


Number 

Percent  males 

Adult  and 

years 

Time  of 

juvenile 

Number 

Species 

censused 

sampling 

Adult 

Juvenile 

combined 

sampled 

Source 

Thomomys 

talpoides 

9 

July-Sept. 

54.4 

53.4 

68 
116 

Ellison  and 
Aldous  1952:HRR 

4 

Early  sunnnner 

breeding 

season 

32.3 

50a 

129 

Andersen  and 
MacMahon  1981:RGA 

4 

Fall:  (12-32 

gophers/acre) 

50 

42 

2,531 

Reid  1981:RGAb 

11 

Fall:  (40-79 
gophers/acre) 

50 

54 

5 

Fall 

50 

47 

1,083 

Hansen  1960:RGA 

4 

Year-round 
during  snow- 
free  periods 

47 

43 

1,157 
376 

Ttiomomys 

bottae 

1 

April  -  May 

26 

45 

37 

505 
199 
406 

Lay  1978:RGA 

Geomys 

bursarius 

1 

Sept.  -  Aug. 

40.4C 

44.8 

561 

Wood  1949:RGA 

3 

Monthly: 
May  -  Aug. 

51 

43 

1,218 
125 

Vaughan  1962:RGA 

Geomys 

pinetis 

1 

Monthly: 
May  -  April 

40 

51 

44 

505 

339 
166d 

Brown  1971:RGA 

^Sex  ratios  "believed"  equal  prior  to  the  breeding  season. 

'^Females  were  significantly  more  abundant  at  low  population  levels  and  males  were  more  abundant  when  densities  were  at 

higher  levels, 
cjhis  figure  combines  data  for  adults  and  subadults. 
'^This  represents  combined  data  for  juveniles  and  subadults. 


mating  and  become  more  susceptible  to  predation.  Males 
moving  farther  and  occupying  larger  territories  than 
females  may  influence  capture  and  sex  ratio  estimates 
(Howard  and  Childs  1959:HRR). 

Lay  (1978:RGA)  found  significantly  more  females  than 
males  among  T.  bottae  of  breeding  age  and  suggested 
the  existence  of  polygyny.  Male  mortality  may  increase 
if  polygyny  leads  to  increased  intraspecific  aggression 
among  males  competing  for  females.  In  an  earlier  study, 
Howard  and  Childs  (1959:HRR)  discussed  polygyny  in 
T.  bottae  mewa  and  formulated  similar  conclusions. 

Data  collected  in  Colorado  over  several  years  revealed 
more  adult  females  than  adult  meiles  present  during  low 
population  years  (Reid  1981:RGA).  Males  dominated  sex 
ratios  during  high  population  years.  Young-of-the-year 
demonstrated  a  mean  sex  ratio  of  50:50  for  all  observed 
years. 

Hansen  (1960:RGA)  found  an  abundance  of  males  and 
lower  susceptibility  of  pregnant  females  to  trapping  dur- 
ing the  early  spring.  However,  as  indicated  by  capture, 
females  comprised  a  greater  segment  of  the  population 
later  in  the  summer.  Hansen  concluded  that  femeiles  in- 
crease their  activity  when  engaged  in  postnatal  care  of 


the  young  and  become  more  susceptible  to  trapping. 
Balanced  sex  ratios  generally  existed  at  other  times  of 
the  year. 

Predation 

Pocket  gophers  fall  prey  to  a  number  of  avian,  mam- 
maliem,  and  reptilian  species  (Hegdal  and  Gatz 
1976:BE),  but  predators  alone  do  not  have  a  significant 
influence  on  gopher  densities  (Tryon  1947:NH;  Howard 
1953:DC;  Howard  and  Childs  1959:HRR).  Weasel 
{Mas tela  sp.)  invasion  of  gopher  territory  may  slow 
population  growth  or  even  contribute  to  a  decline,  but 
weasel  impact  in  regulating  density  is  thought  to  be 
minimed  (Hansen  and  Ward  1966:HRR;  Andersen  and 
MacMahon  1981:RGA).  Coyote  {Canis  latrans)  predation, 
studied  for  its  role  in  possible  biological  control,  ap- 
parently did  not  influence  the  rodent  populations  (Col- 
orado Cooperative  Pocker  Gopher  Project  1960:DT). 
Other  mammaliEin  predators  include  ermine  (M.  erminea), 
foxes  {Vulpes  spp.),  bobcat  (Lynx  rufus),  badger  (Taxidea 
taxus),  skunks  {Mephitis  spp.  and  Spilogale  putorius), 
and  grizzly  bear  {Ursus  arctos  horribilis)  (Moore  and 
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Reid  1951:HRR;  Downhower  and  Hall  1966:DT;  Hansen 
and  Ward  1966:HRR;  Reid  1973:RGA). 

Common  avian  predators  include  great  homed  owl 
(Bubo  virginianus),  red-tailed  hawk  (Buteo  jamaicensis), 
Swainson's  hawk  {B.  swainsoni),  common  barn-owl  (Tyto 
alba),  great  gray  owl  {Strix  nebulosa),  long-eared  owl 
{Asio  otus),  burrowing  owl  (Speotyto  cunicularia),  nor- 
thern goshawk  (Accipiter  gentilis),  and  American  kestrel 
{Falco  sparverius)  (Fitch  and  others  1946:PM;  Tryon 
1947:NH;  Howard  and  Childs  1959:HRR:  Downhower 
and  Hall  1966:DT;  Hansen  and  Ward  1966:HRR;  Marti 
1969:PM). 

Noted  reptilian  predators  include  the  buUsnake 
(Pituophis  sayi)  (Hisaw  and  Gloyd  1926:PM),  gopher 
snake  [P.  melanoleucus),  and  rattlesnake  (Crotalus  spp.), 
but  other  species  may  also  take  gophers  (Reid 
1973:RGA). 

Parasites 

Although  pocket  gophers  host  numerous  species  of  in- 
ternal and  external  parasites,  there  is  little  concern  to 
public  health,  and  infestation  does  not  generally  affect 
gopher  population  levels  (Tryon  1947:NH;  Reid 
1973:RGA). 

Ectoparasites  include  mites  and  ticks  (Acarina),  lice 
(Mallophaga),  and  fleas  (Siphonaptera)  (Miller  and  Ward 
1960:PD;  Price  1972:PD;  Tuszynski  and  Whitaker 
1972:PD;  Rust  1973:PD).  The  degree  varies  to  which 
estoparasites  show  host-specificity  to  pocket  gophers 
(Miller  and  Ward  1960:PD).  Because  these  rodents  lead 
relatively  solitary  lives  in  subterranean  environments, 
transfer  of  ectoparasites  to  other  animals  is  minimized. 
Characteristics  of  gopher  molt  and  grooming  behavior 
may  further  restrict  parasitic  distribution  (Rust 
1973:PD). 

Internal  parasites  include  roundworms  (Nematoda), 
tapeworms  {Cestoda),  and  some  protozoa  (Tryon 
1947:NH;  Todd  and  Lepp  1971:PD).  Liver  parasites 


(Capillaria  hepatica),  most  often  prevalent  in  high  densi- 
ty gopher  populations,  C2in  cause  significant  atrophy  of 
the  liver  (Tryon  1947:NH;  Tryon  and  Cunningham 

1968:NH). 

POPULATION  ESTIMATION 
Surface  Sign 

Investigators  use  surface  signs  such  as  moimds,  earth 
plugs,  and  soil  casts  as  indices  to  gopher  burrowing  ac- 
tivity and  abundance  (Miller  2md  Bond  1960:B;  Richens 
1965:DC;  Reid  and  others  1966:PE)  (fig.  5).  Numbers  of 
fresh  mounds  per  acre  (hectare)  or  per  mile  (kilometer)  of 
transect  can  denote  relative  abundance  of  the  animals 
on  a  unit  area  (Phillips  1936:HRR;  Mohr  and  Mohr 
1936:B;  Julander  and  others  1959:HRR;  Hansen  and 
Ward  1966:HRR).  Mound  counts  can  also  indicate 
damage  potential  on  a  site  and  the  necessity  for  control 
efforts. 

Beck  and  Hansen  (1966:PE)  detailed  a  method  of  ex- 
pressing gopher  abundance  based  on  frequency  of 
mounds  along  transects.  Richens  (1965:DC)  derived  an 
index  to  population  density  based  on  a  simple  program 
of  trapping  and  mound  counts.  High  correlations  existed 
between  gopher  density  and  the  number  of  fresh  mounds 
observed  bimonthly  throughout  the  summer.  Cumulative 
mound  counts  made  annually  in  early  August  also  cor- 
related with  gopher  abundance.  A  poor  relationship  ex- 
isted between  population  levels  and  mounds  constructed 
in  short  72-hour  periods.  Reid  and  others  (1966:PE), 
however,  found  a  significant  correlation  between 
numbers  of  pocket  gophers  and  the  number  of  fresh 
mounds  and  earth  plugs  appearing  on  sample  plots  in 
48-hour  periods.  All  mounds  £md  earth  plugs  on  sample 
plots  were  initially  erased  by  flattening,  then  48  hours 
later  all  new  mounds  and  plugs  were  counted.  Im- 
mediately after  this,  each  plot  and  20  ft  (6  m)  of  sur- 
rounding buffer  zone  were  saturated  with  kiU  traps  to 


Figure  5.— (A)  Earth  plugs  are  one  of  the  surface  signs  of  gopher  activity. 
(B)  Fresh  mounds  can  be  observed  during  the  sumnner  and  fall. 
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determine  the  number  of  active  pocket  gophers  present. 
It  is  important  to  determine  this  animal-to-sign  relation- 
ship for  each  different  area  because  the  amount  of  sur- 
face sign  per  gopher  may  vary  with  time  of  year,  herb- 
age composition,  and  gopher  species.  Sample  plots  trap- 
ped should  encompass  the  burrow  systems  of  several 
animals.  Sign  counting  to  inventory  pocket  gophers 
should  take  place  after  young-of-the-year  disperse  and 
establish  burrow  systems,  usually  in  late  summer  and 
early  fall.  In  Montana,  Youmans  (1979:HRF)  placed 
limited  value  on  mound  counts  to  census  gophers  prior 
to  late  July.  The  advantages  of  sign  counting  include 
minimum  site  disturbance,  rapid  analysis,  and  relatively 
few  worker-hour  requirements  (Reid  1973:RGA). 

Trap-Outs 

Trap-out  techniques  arrive  at  population  counts  more 
directly  by  attempting  to  capture  all  animals  on  a  unit 
(Ingles  and  others  1949:PE;  Howard  and  Childs 
1959:HRR;  Richens  1965:DC).  Fall  trapping  produces 
the  most  accurate  estimates  after  young  attain  trap- 
pable size  (Reid  1981:RGA).  The  advantages  of  this 
technique  include  count  accuracy  and  rodent  availability 
for  immediate  examination  (Reid  1973:RGA). 


Winter  Soil  Casts 

Winter  soil  casts  evident  after  snowmelt  may  provide 
an  index  to  populations  prior  to  reproduction  in  early 
summer  (Richens  1965:DC;  Reid  and  others  1966:PE; 
Reid  1981:RGA)  (fig.  6).  Youmans  (1979:HRF),  however, 
reported  soU  casts  represented  summer  and  fall  popula- 
tions the  previous  year  but  did  not  indicate  current 
spring  densities.  Erroneous  population  estimates  can 
result  from  soil  cast  indices  because  winter  activity 
depends  on  the  initial  winter  population,  overwinter  sur- 
vival, duration  of  continuous  snow  cover,  and  the 
presence  of  frozen  soil  beneath  the  snowpack  (Reid 
1973:RGA). 

Open  Hole 

The  open  hole  technique  is  used  to  express  relative 
population  abundance  or  to  eveduate  postcontrol  treat- 
ment success  (Miller  and  Howard  1951:DC;  Richens 
1968:DC;  Barnes  and  others  1970:DC;  Birch  1978:DC). 
Certain  behavioral  traits  of  gophers  form  the  basis  for 
this  method's  use.  The  method  relies  on  gophers' 
solitary  habits  and  on  their  general  tendency  to  plug 
holes  in  burrow  systems  within  24  hours.  Personnel  open 


Figure  6.— Winter  casts  often  remain  intact 
for  several  weeks  after  the  snow  melts. 
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marked  burrows,  then  check  the  number  of  replugged 
holes  24  hours  later  for  indications  of  activity.  Control 
treatment  evaluation  involves  using  this  survey  in 
establishing  pretreatment  activity  levels,  treating  bur- 
row systems  with  some  control  agent,  and  then 
repeating  the  survey  7  to  14  days  later.  Reopened  holes 
left  unplugged  24  hours  after  this  followup  survey  prob- 
ably indicate  a  dead  gopher.  Rainy  periods  may  in- 
validate this  technique  because  gophers  may  not  plug 
holes  when  relative  humidity  at  ground  level  reaches  94 
percent  or  more  (Hungerford  1976:FF).  Plural  occupancy 
may  result  in  conservative  density  estimates  (Miller 
1953:DC;  Richens  1968:DC). 

Aerial  Photography 

Low  or  sparse  vegetative  cover  permits  the  use  of 
1:600  and  1:1,200,  large-scale,  normal  color,  or  infared 
aerial  photography  to  make  mound  counts.  Accuracy  of 
this  method  compares  favorably  (97  percent)  with 
ground  count  estimates  (Driscoll  and  Watson  1974:PE). 

Trapping  Transects 

Animals  trapped  along  transect  lines  provide  relative 
abundance  estimates  (Keith  and  others  1959:DC;  Hansen 
and  Ward  1966:HRR;  Tietjen  and  others  1967:HRR). 
Personnel  locate  tunnels  by  probing  at  3-  to  4-inch  (8-  to 
10-cm)  intervals  along  predetermined  lengths  of 
transects,  then  set  traps  within  the  tunnels.  Captured 
animals  provide  an  index  to  area  population,  and 
specimens  are  readily  available  for  life-history  studies. 

Capture-recapture  techniques  employ  marking  live- 
trapped  animals  with  either  metal  bands  or  by  toe- 
clipping  on  the  hind  foot  (Ingles  and  others  1949:PE; 
Andersen  and  MacMahon  1981:RGA).  This  technique  re- 
quires many  hours  of  trapping,  but  it  also  provides  good 
information  on  survivorship  and  on  other  characteristics 
for  demographic  analysis. 

Nearest  Neighbor 

A  Colorado  range  study  used  the  "nearest  neighbor" 
concept  to  estimate  gopher  population  densities  and  to 
determine  the  relationship  of  density  to  territory  size 
(Hansen  and  Remmenga  1961:F).  The  method  correlated 
the  number  of  gophers  per  acre  with  the  average 
distance  to  the  nearest  four  captures.  The  average 
distance  between  catches  decreased  as  density  increased. 
Method  results  appear  similar  to  those  of  simple  trap- 
outs.  Assumed  random  distribution  can  bias  this  method 
because  populations  may  exhibit  uniform  or  clumped 
distributions. 

DAMAGE 

For  mzmy  years  leuid  managers  have  recognized  pocket 
gophers  as  damaging  pests.  Gophers  have  been  reported 
to  gnaw  underground  electric  cables  (HowEu-d 
1953:DBM),  but  vegetation  damage  is  the  major  problem. 
Thomomys,  the  most  widely  distributed  genus  in 
the  United  States,  causes  the  majority  of  resource 
damage  and  economic  loss.  Six  species  of  Thomomys  oc- 
cur in  the  Pacific  Northwest.  Among  these  T.  talpoides 


and  the  nearly  identical  T.  rnazama  range  the  widest 
(Ingles  1965:DT).  These  two  species  cause  the  majority 
of  conifer  damage  in  commercial  forest  plEmtations 
(Capp  1976:DTF). 

Agricultural  Lands 

Agriculturalists  first  recognized  the  significance  of 
gopher  problems  in  mEiny  root,  fruit,  and  bulb  crops 
(Lantz  1918:DTR;  Crouch  1933:DC).  Early  literature 
documented  canal  breaks  costing  thousands  of  dollars  in 
crop  losses  and  repairs  because  of  gopher  burrowing  ac- 
tivities in  the  banks  (Day  1931:S;  Scheffer  1931:B; 
Downhower  and  Hadl  1966:DT).  Periodic  flooding  of 
cropland  often  discourages  rodent  populations,  but 
nonirrigated  crops  may  become  particularly  susceptible 
to  gopher  inhabitation  (Scheffer  1931:B).  Thomomys 
quadratus  caused  serious  root  damage  and  significant 
economic  loss  in  Oregon  orchards  (Wight  1930:RGA).  In 
addition,  vast  numbers  of  gopher  mounds  and  dirt  heaps 
on  a  field  can  cover  large  areas  of  growing  crops  and 
later  obstruct  harvesting  operations.  As  mainy  as  1,200 
to  1,500  mounds  per  acre  (3  000  to  3  700  per  ha)  may 
occur  on  a  field  of  average  infestation  (Scheffer  1931:8). 

Rangelands 

The  abundance  of  gophers  on  rangelands  can  drastical- 
ly reduce  ground  cover  and  herbage  production  as  a 
result  of  burrowing,  mound  building,  and  foraging 
(Turner  1973:HRR).  Mounds  and  castings  can  cover  4  to 
10  percent  of  the  ground  area  (Buechner  1942:HRR; 
Ellison  1946:S).  Where  gopher  densities  are  particularly 
high,  displaced  soil  may  cover  up  to  one-fourth  of  the 
surface  area  within  1  year  (Turner  1973:HRR).  Food 
availability  often  determines  the  foraging  range  of  in- 
dividual animals.  Digging  activity  and  soil  disturbances 
may  increase  on  poor  range  where  a  gopher  will  extend 
its  burrow  system  in  search  of  more  vegetation  (Scheffer 
1931:B;  Moore  and  Reid  1951:HRR). 

Pocket  gophers  harvest  and  bury  large  quantities  of 
vegetation  during  foraging  activities  and  can  greatly  in- 
fluence plant  composition  and  density.  On  a  range  in 
Texas,  Buechner  (1942:HRR)  found  that  gophers 
brought  more  than  5,600  lb/acre  (6  300  kg/ha)  per  year 
to  the  surface  and  covered  over  8  percent  of  the  vegeta- 
tion annually.  A  Colorado  study  revealed  that  gophers 
reduced  the  available  herbage  by  as  much  as  20  percent 
or  almost  80  lb/acre  (90  kg/ha)  (Turner  1969:HRR; 
Turner  1973:HRR).  Andersen  and  MacMahon 
(1981:RGA)  concluded  that  T  talpoides  in  Utah  con- 
sumed 30  percent  or  more  of  the  net  annual  primary 
production  allocated  to  belowground  plsmt  parts.  In 
Utah,  Richens  (1965:DC)  found  that  areas  under  gopher 
control  treatment  produced  two  to  three  times  more 
plant  tissue  than  nearby  uncontrolled  areas. 

Feeding  activities  and  soil  disturbance  subject  various 
plant  species  to  different  selective  pressures  (Buechner 
1942:HRR).  High  gopher  densities  generally  suppress 
perennial  forbs  and  grass  species  even  though  annual 
weeds  and  grasses  continue  to  thrive  (Moore  and  Reid 
1951:HRR;  Turner  1969:HRR;  Laycock  and  Richardson 
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1975:HRR).  Some  plants  such  as  slender  wheatgrass 
(Agropyron  trachycaulum)  and  mountain  brome  (Bromus 
carinatus)  may  respond  favorably  to  pocket  gopher  ac- 
tivity and  benefit  livestock  (Turner  1973:HRR).  Other 
potentially  harmful  plants  such  as  orange  sneezeweed 
{Helenium  hoopesii),  a  species  poisonous  to  sheep  and 
unpalatable  to  cattle,  may  increase  as  a  result  of  gopher 
activity  (Turner  1969:HRR). 

The  degree  of  gopher  influence  on  herbage  composition 
depends  on  soil  and  vegetation  characteristics  and 
livestock  grazing  intensity  over  time  (Moore  and  Reid 
1951:HRR;  Turner  1969:HRR).  Buechner  (1942:HRR) 
found  gophers  most  abundant  on  overgrazed  ranges  and 
on  heavily  used  areas  where  vegetation  remained  in  ear- 
ly successioneil  stages. 

Gopher  activity  can  aggravate  impacts  of  grazing 
livestock  and  further  contribute  to  range  deterioration. 
Burrowing  and  mound  building  prevented  the  return  of 
fescue  (Festuca  idahoensis)  in  Utah  cattle  enclosures 
(Tevis  1956:DTF).  Moore  and  Reid  (1951:HRR)  found 
that  gophers  prevented  perennial  grasses  from 
reestablishing  on  overgrazed  ranges  in  Oregon.  They 
also  noted  that  overgrazing  on  poor  range  required 
gopher  control  for  range  improvement,  but  thought  that 
control  probably  was  urmecesseiry  for  meadows  in  fair 
condition. 

Alternatively,  in  Kansas  the  plains  pocket  gopher 
destroyed  undesirable  weeds  by  feeding  and  digging 
(Downhower  and  Hall  1966:DT).  Hall  (1955:GR)  discuss- 
ed how  gophers  might  actually  improve  conditions  for 
grass  return  on  overgrazed  ranges.  In  the  absence  of 
livestock  grazing,  gophers  destroyed  large-rooted  weeds 
and  enabled  grass  reestabhshment.  Decreases  in  gopher 
abundance  might  result  from  the  improvement  of  range 
conditions  and  the  exclusion  of  livestock  grazing. 
Similarly,  on  the  subalpine  grasslands  in  Utah,  Ellison 
and  Aldous  (1952:HRR)  found  that  grasses  and  sedges 
increased  in  the  presence  of  gophers  and  the  absence  of 
cattle. 

Gopher  digging  activities  may  affect  development  of 
rangeland  soil  (Grinnell  1923:S;  Turner  1973:HRR).  The 
rodents  constantly  mix  earth  during  excavation  ac- 
tivities. Richens  (1966:B)  estimated  that  they  displaced 
30,000  lb  soil  per  acre  (34  000  kg/ha)  on  mountain 
rangeland  each  year.  Gophers  may  enhance  range  pro- 
ductivity by  loosening  and  softening  heavy  clay  soils 
previously  compacted  by  livestock  (EUison  and  Aldous 
1952:HRR;  Ratliff  and  Westfall  1971:S).  They  may 
render  ground  more  fertile  through  disturbance  if 
minerals,  interstitial  air,  and  water  become  more 
avedlable  to  plants  (Grinnell  1923:S;  Downhower  and 
Hall  1966:DT).  Tevis  (1956:DTF)  reported  that  gopher 
digging  on  overgrazed  ranges  in  Utah  left  bare  mineral 
soil  exposed,  creating  an  ideal  seedbed  for  conifers. 
However,  he  noted  later  that  gophers  were  destructive 
to  seedlings  trying  to  establish  on  the  range. 

The  increased  permeability  £md  porosity  of  soil  caused 
by  this  rodent's  activity  may  favor  water  conservation 
(Turner  1973:HRR).  Conversely,  burrowing  may  cause 
accelerated  soil  erosion  through  the  formation  of  erosion 
gullies  (Tevis  1956:DTF).  The  soil  piled  on  the  surface 
weathers  sooner  and  may  contribute  to  increased  sedi- 


ment load  in  the  watershed  (Frank  and  others  1975:S). 
Free-flowing  water  channeled  by  castings  can  initiate 
erosion  scar  formation,  and  water  flow  through  burrows 
can  hasten  soil  breakdown  (Day  1931:S).  Marston  and 
Julander  (1961:HRF)  found  that  pocket  gophers  reduced 
perennial  plant  cover  in  an  aspen-cleared  plot  in  Utah. 
They  thought  the  remaining  ground  cover  would  not  pro- 
vide sufficient  protection  to  the  soil  from  overland  flow 
and  might  enhance  erosion. 

Gopher  influence  depends  on  characteristics  of  in- 
dividual areas  and  the  intensity  of  land  use.  Ellison 
(1946:S)  reported  that  gophers  on  the  Wasatch  Plateau 
in  Utah  helped  to  accelerate  erosion,  but  overgrazing  by 
cattle  on  the  range  caused  the  majority  of  the  problems. 

Forest  Lands 

On  forest  lands,  intensified  reforestation  efforts 
throughout  the  West  reveal  that  gophers  can  seriously 
hinder  successful  seedling  regeneration  (Moore 
1940:DTF;  Dingle  1956:DTF;  Hermann  and  Thomas 
1963:HRF;  Barnes  and  others  1970:DC;  Hooven 
1971:DTF). 

Gophers  destroyed  two-thirds  of  the  trees  on  study 
plots  in  Oregon's  15,000-acre  (6  100-ha)  Cave  Mountain 
burn  within  3.5  years  (Crouch  1971:DTF).  Damage 
resulted  in  the  loss  of  the  $200,000  planting  cost  and  an 
estimated  loss  of  450,000  bd.ft.  ($9,000)  (Canutt 
1970:DTF).  On  the  smaller,  170-acre  (69-ha)  Dugout 
Lake  bum,  pocket  gopher  depredation  basically 
eliminated  stocking  (Barnes  1973:DTF).  Damage  control 
after  replanting  the  area  in  1969  included  two  $3,500 
gopher-baiting  progrcuns.  Costs  reached  $19,000  as  of 
1973  for  both  plantings  and  damage  control. 

Pocket  gopher  damage  currently  affects  at  least 
300,000  acres  (121  000  ha)  of  USD  A  Forest  Service 
lands  (Barnes  1978:DC),  and  rates  as  a  major  forest 
animal  pest.  Most  damage  is  reported  on  ponderosa  pine 
(P.  ponderosa)  plantations  (Dingle  1956:DTF;  Crouch 
1969:DTF;  Hooven  1971:DTF;  Barnes  1973:DTF;  Barnes 
1974:HRF). 

The  response  of  populations  resulting  from  forestation 
practices  will  vary  between  habitat  types  and  with 
silvicultural  practices.  Cleaircuts  may  support  large 
populations,  and  damage  often  is  acute  in  these  areas 
(WilHamson  and  Minore  1978:DTF;  Minore  1978:DTF). 
Barnes  (1974:HRF)  found  pocket  gophers  less  abundant 
but  widely  distributed  through  shelterwood  cut  areas. 
Delayed  reforestation  after  harvest  poses  the  most 
serious  problem  through  creation  of  open  disturbed 
areas.  These  areas  provide  ideal  gopher  habitat,  and  as 
populations  build  with  the  establishment  of  profuse 
vegetation,  the  problems  of  reforestation  increase 
(Barnes  1974:HRF:  Capp  1976:DTF;  U.S.  Department  of 
Agriculture  1979:DC).  Pocket  gopher  problems  will  pro- 
bably increase  in  all  conifer  stands,  although  future 
problems  wUl  intensify  in  true  fir  stands  (Borrecco  1982, 
personal  communication)  and  lodgepole  pine  (P.  contorta) 
because  of  increased  logging  activity  (U.S.  Department 
of  Agriculture  1979:DC).  Some  of  the  most  serious  im- 
pacts to  reforestation  take  place  when  gophers,  deer,  elk, 
cattle,  or  beaver  impact  eireas  simultaneously  (Evans 
and  others  1981:DTF). 
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Identification  and  Description 

Conifer  damage  by  pocket  gophers  results  from  root 
pruning,  stem  clipping,  girdling,  partial  removal  of 
stems  and  crowns,  or  total  removal  of  small  seedlings 
(Barnes  1973:DTF)  (fig.  7).  Gophers  can  seriously  affect 
conifer  regeneration  up  to  10  years  after  planting 
(Dingle  1956:DTF).  The  most  serious  damage,  however, 
occurs  within  the  first  2  or  3  years,  and  damage  to 
small  seedlings  often  results  in  mort£ility  (Crouch 
1971:DTF;  Hooven  1971:DTF).  Crouch  (1971:DTF) 
reported  that  total  seedling  removal  caused  76  percent 
of  the  tree  loss  in  the  Cave  Mountain,  Oreg.,  burn  study 
area. 
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Figure  7.— The  root  system  of  an  established 
seedling  is  nearly  destroyed  by  the  pocket 
gopher. 

Extensive  gopher  damage  to  conifer  seedlings  most 
commonly  occurs  in  the  absence  of  preferred  vegetation 
(Burton  and  Black  1978:FF).  Damage  to  trees  occurs 
year-round  but  most  frequently  in  winter.  Scarcity  of 
herbaceous  vegetation  forces  gophers  to  feed  above 
ground  beneath  the  snowpack  (Crouch  1969:DTF, 
1979:DC;  Canutt  1970:DTF;  Barnes  1973:DTF;  Buchner 
and  Rorabaugh  1979:DTF).  Barnes  (1974:HRF)  found 
that  90  percent  of  the  gopher-caused  tree  damage  on  his 


study  area  occurred  in  winter  with  virtually  all  damaged 
trees  dying.  Allen  and  others  (1978:DC)  found  gopher 
damage  greatest  during  winter  on  the  Targhee  National 
Forest,  with  the  majority  attributed  to  crown  clipping. 
Tree  girdling  occurred  beneath  the  snowpack  to  a  height 
of  3.3  to  3.9  ft  (1  to  1.2  m).  Hooven  (1971:DTF)  ob- 
served girdUng  damage  in  lodgepole  pine  to  a  height  of 
over  7  ft  (2.1  m).  Extensive  winter  damage  results  in  ob- 
vious white  tree  trunks  showing  after  snowmelt  (Barnes 
1973:DTF). 

Teeth  marks  on  trees  and  shrubs  chEiracterize  pocket 
gopher  damage.  Winter  soil  casts,  mounds,  or  runways 
occasionally  surround  injured  trees.  Removal  of  a  young 
seedling  may  result  in  a  mound  or  plug  or  in  no  visible 
sign  at  all  (Canutt  1970:DTF). 

Porcupines  (Erethizon  dorsatum)  or  mountain  beaver 
(Aplodontia  rufa)  were  blamed  for  some  pocket  gopher 
damage  in  the  past  (Crouch  1969:DTF).  Porcupines 
generally  limit  barking  to  the  outer  wood  surface,  while 
gophers  often  gnaw  deeply  into  the  wood  of  old  seed- 
lings and  young  saplings  (Canutt  1970:DTF)  (fig.  8).  In 
addition,  porcupines  leave  discarded  fragments  of  outer 
bark  at  the  base  of  the  damaged  tree  while  gophers  do 
not. 

Evidence  of  root  pruning  may  not  become  apparent 
until  the  tree  shows  visible  signs  of  stress.  Trees  may 
tilt  and  foliage  may  turn  brown  over  time  (Canutt 
1970:DTF). 

Tevis  (1956:DTF)  reported  that  burrowing  gophers  left 
the  roots  of  red  fir  seedlings  exposed  with  extensive 
damage  resulting.  However,  Barnes  (1973:DTF)  and 
Turner  (1973:HRR)  thought  that  root  exposure  and 
deimage  resulting  from  burial  by  mounds  and  winter 
casts  constituted  lesser  forms  of  injury. 

CONTROL 

The  task  of  computing  an  economic  analysis  of  pocket 
gopher  damage  and  control  remains  difficult.  Lack  of 
data  and  detailed  damage  surveys  creates  a  problem  in 
estimating  the  extent  of  actual  gopher  impact  on 
managed  lands.  Limited  funding  and  a  need  to  prioritize 
control  areas  complicate  management  decisions. 

Presently,  economic  concern  is  primarily  on  gopher  im- 
pacts to  harvestable  forest  lands.  Growing  demands  for 
wood  products  and  subsequent  inflation  of  timber  values 
provide  the  basis  for  this  concern. 

Increased  concern  by  land  managers  led  to  the  forma- 
tion in  1973  of  the  Northwest  Forest  Pocket  Gopher 
Committee  (NWFPGC)  to  study  damage  problems  and 
promote  solutions.  In  1974,  this  group  affiliated  with 
the  Oregon-Washington  Silvicultural  Council  of  the 
Western  Forestry  and  Conservation  Association.  In 
1975,  the  committee  developed  a  questionnaire  designed 
to  determine  the  extent  of  gopher  damage  in  the  Pacific 
Northwest  and  the  efforts  to  control  it.  Results  of  this 
survey  showed  that  the  majority  of  damage  occurred  on 
forest  lands  east  of  the  Cascade  Crest  in  Oregon  and 
Washington.  Almost  80  percent  of  those  surveyed 
thought  that  damage  over  the  coming  10  years  (1975  to 
1985)  would  remain  constant  or  increase.  The  group  in- 
dicated that  control  measures  involved  only  10  percent 
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Figure  8.— (A)  The  pocket  gopher  gnaws 
deeply  into  the  wood  and  consumes 
everything,  leaving  no  residue  on  the  ground 
around  the  tree.  (B)  Porcupines  chew  off  the 
bark  but  do  not  gnaw  into  the  wood.  They 
leave  shreds  of  bark  on  the  ground  around 
the  tree. 


of  the  gopher-affected  acreage;  80  percent  of  those  ad- 
ministering control  programs  thought  their  efforts  insuf- 
ficient. Factors  contributing  to  poor  success  included  in- 
adequate budget,  personnel,  equipment,  and  control 
techniques,  and  the  inability  to  detect  damage. 

A  recently  formed  USD  A  Forest  Service  "activity 
review  team"  looked  at  gopher-reforestation  issues  to 
find  more  workable  solutions  (U.S.  Department  of 
Agriculture  1979:DC).  Under  the  te2im's  influence, 
western  Forest  Service  Regions  4  and  6  compiled 
available  data  on  total  area  planted,  seedling  survival, 
area  subjected  to  gopher  control,  and  all  associated 
costs  for  these  programs.  This  type  of  comprehensive 
review  in  each  region  could  serve  as  a  starting  point. 

On  forest  lands  control  difficulties  intensify  when 
managers  fail  to  anticipate  damage  while  planning 
timber  harvest  (Barnes  1974:HRF;  Buchner  and 
Rorabaugh  1979:DTF).  Early  recognition  of  potential 
problem  areas  and  prompt  application  of  direct  or  in- 
direct control  could  prevent  or  reduce  losses  (Barnes 
1973:DTF;  Capp  1976:DTF;  Buchner  and  Rorabaugh 
1979:DTF).  Conifer  losses  in  some  areas  may  gradually 
increase  enough  to  cause  reforestation  failures  or 
restocking  delays.  Managers  should  monitor  suspected 
problem  areas  and  determine  the  need  for  damage  con- 
trol annually  (Crouch  1979:DC).  Cooperation  among  land 
memagers,  including  wildlife  biologists,  will  help  prevent 


or  decrease  animal  damage  conflicts  (Capp  1976:DTF; 
U.S.  Department  of  Agriculture  1979:DC).  Kinds  of  con- 
trol vary  with  area  size  and  situation.  Successful  control 
must  exceed  the  naturally  high  annual  gopher  mortality 
rates  (70-75  percent)  (Hansen  1960:RGA).  Capp 
(1976:DTF)  recommends  a  population  reduction  of  90 
percent.  Managers  must  become  familiar  with  the  advan- 
tages and  disadvantages  of  techniques.  On  rangelands, 
studies  document  both  positive  and  negative  influences 
of  burrowing  gophers,  but  the  necessity  for  control  ef- 
forts often  remains  unclear.  Where  they  are  integral 
components  of  range  communities,  the  gophers'  in- 
fluence on  habitat  is  difficult  to  evaluate  apart  from 
other  interacting  segments  of  the  ecosystem.  Personnel 
need  to  define  the  relationships  between  the  amounts  of 
forage  consumed  by  gophers  and  the  costs  of  control.  In 
addition,  factors  that  tend  to  naturally  control  or 
minimize  the  impact  of  damage  need  consideration. 
Gophers  are  less  frequently  a  problem  on  well-managed 
rangelands.  Control  is  more  commonly  recommended  for 
improvement  of  deteriorated  range  than  for  maintenance 
of  range  in  fair  or  good  condition  (Tietjen  1973:DC). 

Alsager  (1977:HRR)  outlined  a  method  for  determining 
rodent  impact  to  net  vegetation  production,  and  for 
analyzing  costs  and  benefits  of  control.  The  technique 
requires  intense  labor  effort  but  may  warrant  further 
evaluation. 
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Cost 

The  Pocket  Gopher  Reforestation  Activity  Review 
Team  reported  that  the  cost  of  contracting  for  rodent 
control  doubled  in  the  past  few  years  (U.S.  Department 
of  Agriculture  1979:DC).  Birch  (1982,  personal  com- 
munication) concluded  from  a  1977  study  that  a  1.69:1 
cost-benefit  ratio  existed  on  the  Ashton  Ranger  District, 
Targhee  National  Forest,  Idaho.  Subsequent  contract 
bidding  competition  reduced  the  cost  of  treatment.  Pres- 
ent treatment  costs  range  from  $20  to  $25  per  acre  ($50 
to  $62  per  ha)  for  2  years  of  treatment  after  planting,  to 
$40  per  acre  ($100  per  ha)  for  7  years  of  protection. 
Birch  (1978:DC)  prepared  guidehnes  for  organizations 
wishing  to  initiate  contract  baiting  control.  Costs  often 
increase  because  seedlings  may  remain  vulnerable  to 
gopher  depradation  up  to  10  years,  and  many  require 
treatment  throughout  this  period.  As  reforestation  ef- 
forts increase  to  meet  expanding  demands  for  wood  pro- 
ducts, gopher  depradation  and  economic  impacts  can  be 
expected  to  intensify  (Capp  1976:DTF). 

Methods 

1.  Poison  baits.— Poison-coated  baits  constitute  the 
most  commonly  used  method  of  gopher  population 
reduction.  Baits  used  with  good  success  include  grains 
such  as  whole  wheat,  oat  groats,  milo,  hulled  barley,  and 
cracked  corn  (Msirsh  and  Cummings  1976:DC).  In 
laboratory  feeding  tests  Thomomys  sp.  accepted  oat 
groats  and  soft  milo  maize  more  readily  than  other 
grain.  Gophers  preferred  fresh  carrots  over  other 
vegetables  (Ward  1973:FF).  Hungerford  (1976:FF)  found 
that  gophers  locate  food  by  odor,  and  of  the  food  odors 
tested,  fresh  carrot  juice  elicted  the  most  obvious 
response. 

Managers  most  commonly  use  strychnine  alkaloid 
poison  to  coat  baits  (Capp  1976:DTF;  Marsh  and  Cumm- 
ings 1976:DC).  The  poison  is  fast  acting  and  generally 
provides  excellent  control.  Success  of  strychnine  alkaloid 
as  a  poison  depends  on  consumption  of  a  lethal  dose 
within  a  short  time  (Copeman  1957:DC).  Animals  in- 
gesting sublethal  doses  may  develop  a  bait  aversion  in- 
stead of  dying  (Marsh  and  Cummings  1976:DC). 
Reasons  for  consumption  of  sublethal  quantities  of 
poison  include:  preferences  and  availability  of  natural 
foods  in  comparison  with  baits,  reduced  toxicity  of  cach- 
ed bait,  and  varying  levels  of  beiit  tolerance  by  in- 
dividuals (Barnes,  personal  communication).  Age  and 
associated  behavior  affect  laboratory  rodents'  suscep- 
tibility to  various  baits  (Salmon  and  Marsh  1979:DC). 
Although  such  studies  have  not  been  conducted  on 
gophers,  these  findings  may  apply. 

The  amount  of  bait  used  varies  with  local  conditions. 
A  high-level  strychnine  bait  (2.8  or  3  percent)  used  with 
the  burrow  builder  consistently  provides  good  control 
(85-95  percent  or  greater)  under  a  variety  of  conditions 
and  soil  types.  High-level  strychnine  baits  are  not 
recommended  in  hand-baiting  because  of  the  poison's 
hazardous  nature  (Marsh  and  Cummings  1976:DC). 

Varying  State  and  local  laws  govern  the  use  of 
strychnine  alkaloid  or  other  toxicants  for  pocket  gopher 
control.  Program  restrictions  may  limit  the  effectiveness 


of  present  poisoning  methods  (Barnes  1973:DTF;  Capp 
1976:DTF;  Working  Group  of  the  Northwest  Forest 
Pocket  Gopher  Committee  1976:DTF). 

Rodenticide  use  and  possible  primary  and  secondary 
effects  on  nontarget  species  of  wildlife  generate  substan- 
tial pubhc  concern.  Possible  baiting  hazards  to  threat- 
ened or  endangered  species  influence  efforts  to  control 
damage.  Studies  generally  indicate  minimal  danger  to 
other  animals  from  strychnine  used  in  pocket  gopher 
control.  Fagerstone  and  others  (1980:BE)  found  some 
evidence  of  nontarget  strychnine  mortality  but  no 
significant  adverse  effects  on  population  levels.  They 
observed  little  use  of  gopher  burrows  by  other  species. 

Artificial  burrow  construction  may  result  in  exposure 
of  small  mammals  to  bait  (Fagerstone  and  others  1980:BE). 
Hegdal  and  Gatz  (1976:BE)  found  that  bait  appUed  with 
a  burrow  builder  significantly  decreased  nontarget  rodent 
populations  on  treated  areas.  Secondary  strychnine 
poisoning  might  occur  if  predators  consumed  bait-killed 
pocket  gophers  or  their  food  caches  and  ingested  toxic 
doses  of  poison.  Chances  of  this  occurring  are  remote 
because  poisoned  gophers  tend  to  die  underground 
(Hegdal  and  Gatz  1976:BE;  Barnes  1981,  personal  com- 
munications). Food  caches  generally  contain  greater  con- 
centrations of  toxin  than  carcasses,  but  are  less  accessi- 
ble because  gophers  often  store  food  more  than  12 
inches  (30  cm)  below  the  ground  surface.  Hedgal  and 
Gatz  (1976:BE)  concluded  that  proper  strychnine  baiting 
with  the  burrow  builder  did  not  constitute  a  hazard  to 
seed-eating  birds,  raptors,  and  mammalian  predators. 

The  development  of  increasingly  safe  and  effective 
baits  is  becoming  more  complicated  emd  expensive 
because  of  rigid  regulations  (Marsh  and  Cummings 
1976:DC).  In  the  future,  it  may  be  necessary  to  steer 
away  from  heavy  reliance  on  poisons  for  control. 
Buchner  and  Rorabaugh  (1979:DTF)  suggest  integrated 
pest  management  as  an  alternative. 

2.  Hand  baiting.— Hand  baiting  remains  as  one  of  the 
oldest  control  methods  in  common  use  (Crouch  1933:DC; 
Crouch  1942:DC;  Moore  and  Reid  1951:HRR;  Colorado 
Cooperative  Pocket  Gopher  Project  1960:DT).  The  pro- 
cedure involves  locating  an  occupied  burrow  system  by 
observing  mounds  or  plugs,  finding  a  main  runway  by 
probing,  placing  toxic  bait  in  the  runway  with  a  spoon 
or  mechanical  bait  dispenser,  and  covering  the  opening. 

Success  depends  primarily  on  the  ability  to  accurately 
locate  burrows  and  properly  insert  bait  (Buchner  and 
Rorabaugh  1979:DTF).  Birch  (1982,  personal  communica- 
tion) reported  that  mechanical  bait  dispensers  did  not 
work  on  the  Ashton  Ranger  District  of  Idaho  because 
certain  soils  plugged  the  apparatus  and  personnel  were 
unable  to  tell  if  bait  was  applied  when  the  set  was 
made.  Crew  morale  and  efficiency  depend  on  weather, 
gopher  activity,  and  the  size  of  the  treatment  area. 
Crews  of  seven  people  working  under  contract  may  treat 
up  to  90  acres  (36  ha)  per  day  depending  on  their 
previous  experience  and  on  the  locale.  Incentive  pay  pro- 
grams may  also  serve  to  improve  crew  performance 
(Birch  1978:DC). 

Costs  of  hand  baiting  relate  to  crew  size  and  ex- 
perience, gopher  densities,  topography,  ground  cover 
and  debris,  and  travel  distance  (Canutt  1970: DC). 
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Barnes  (1973:DTF)  noted  that  baiting  by  hand  or  with  a 
mechanical  dispenser  applies  best  to  small  areas  or 
where  isolated  gopher  populations  exist.  He  also  in- 
dicated that  control  efficiency  dropped  in  areas  greater 
than  5  acres  (2  ha).  Birch  (1982,  personal  communica- 
tion), however,  indicated  that  such  a  drop  in  efficiency 
would  be  unlikely  with  contract  baiting  crews. 

3.  Burrow  builder.— The  burrow  builder,  first 
developed  in  California  (Kepner  and  others  1962:DC)  and 
Colorado  (Ward  and  Hansen  1960:DC),  provides  one  of 
the  most  efficient  means  for  control  on  suitable  sites 
(Barnes  1974:HRF;  Marsh  and  Cummings  1976:DC).  A 
tractor-drawn  machine  pulled  across  the  ground  con- 
structs a  burrow  by  means  of  a  torpedo  attachment  and 
deposits  bait  simultaneously.  The  bait  applicator  can  be 
used  in  established  pastures,  alfalfa  and  other  forage 
crop  fields,  vineyards,  orchards,  or  open  fields  (Marsh 
and  Cummings  1976:DC).  Some  range  and  forest  lands 
require  the  use  of  a  sturdier  version  of  the  model 
(Canutt  1969:DC,  1970:DC;  Barnes  and  others  1970:DC; 
Barnes  1974:HRF).  On  the  Targhee  National  Forest, 
burrow  builders  constructed  by  Ghormley  Mechanical 
Industries  of  Ashton,  Idaho,  and  by  Schneid-Miller  In- 
dustries of  Fort  Collins,  Colo.,  are  currently  in  use. 
Birch  (1978:DC),  who  described  adjustments  made  to 
these  machines  and  to  their  carriers,  reported  that  a 
1977  summer  trial  with  a  modified  machine 
demonstrated  acceptable  burrow  construction  in  rocky 
soils,  brush,  sod,  slash  piles,  debris,  and  on  steep  slopes. 
The  machine  successfully  constructed  burrows  in  sod 
frozen  to  a  depth  of  1  to  2  inches  (2  to  5  cm).  Burrow 
builders,  however,  achieve  highest  success  on  reasonably 
firm,  moist  soils.  Artificial  burrows  will  collapse  in  over- 
dry  soils,  and  saturated  soils  tend  to  interfere  with  prop- 
er machine  functioning  (Marsh  and  Cummings  1976:DC). 

4.  Habitat  manipulation.— Land  use  practices  that 
alter  habitat  can  strongly  influence  gopher  populations. 
Range  or  forest  management  that  disturbs  soil  and/or 
stimulates  the  production  of  herbaceous  vegetation  often 
improves  habitat  for  pocket  gophers.  Early  management 
planning  assessment  of  potential  gopher  damage  may 
enable  effective,  coordinated  habitat  manipulation  as 
part  of  reforestation  or  other  management  goals 
(Volland  1973:HRF;  Barnes  1974:HRF).  Volland 
(1973:HRF)  described  the  relationships  between 
numerous  community  types  and  gopher  densities  in  cen- 
tral Oregon,  and  suggested  tree  harvest  methods  and 
preventative  management  practices  to  minimize  damage 
in  different  plant  communities. 

Modification  of  site  preparation  and  logging  practices 
in  reforestation  may  discourage  the  establishment  of 
favorable  gopher  habitat.  In  some  cases,  limiting  site 
preparation  to  individual  planting  sites  rather  than 
disturbing  entire  areas  will  minimize  soil  disturbance. 
Barnes  (1974:HRF)  thought  his  method  practicEil  in 
brush  fields,  although  problems  with  other  animals  such 
as  rabbits  and  hares  may  increase.  In  some  cases, 
however,  minimal  soil  mixing  may  inhibit  adequate 
natural  restocking,  or  competition  between  pine,  browse, 
and  grass  species  may  make  it  impractical  (Buchner  and 
Rorabaugh  1979:DTF).  Packer  (1971:DC)  described  other 
techniques  of  site  preparation  to  minimize  soil  disturb- 


ance, including  the  clearing  of  tractor-cut  strips  and 
methods  of  terracing.  The  cutting  of  strips,  however, 
may  not  reduce  gopher  damage  problems,  and  in  some 
cases  may  even  increase  them  (Anderson  1982,  personal 
communication). 

Uncut  buffer  strips,  500  to  700  ft  (152  to  213  m)  wide, 
adjacent  to  logged  areas,  may  delay  or  minimize  gopher 
invasion  from  neighboring  sites  (Barnes  1974:HRF).  Buf- 
fer strips  of  this  size  become  impractical  as  acreage  oc- 
cupied by  gophers  increases  and  the  value  of  wood  pro- 
ducts rises  (Capp  1976:DTF).  In  addition,  Crouch  (1982, 
personal  communication)  observed  pocket  gophers 
traveling  more  than  500  ft  (152  m)  on  logging  roads  be- 
tween adjacent  clearcuts.  Thus,  invasion  may  occur 
regardless  of  buffer  strips. 

Timber  harvest  should  be  designed  for  minimal  canopy 
disturbance  (Capp  1976:DTF).  Barnes  (1974:HRF) 
reviewed  several  studies  indicating  that  the  reduction  in 
overstory  canopy  stimulated  production  of  preferred 
gopher  vegetation.  He  suggested  that  partial  cuts 
should  replace  clearcutting  whenever  feasible.  Shelter- 
wood  cuttings  in  lodgepole  pine  and  mixed  conifer 
habitat  on  the  Deschutes  National  Forest,  Oreg.,  showed 
promise  for  avoiding  some  of  the  regeneration  problems 
experienced  on  wildfire  and  clearcut  areas  (Barnes 
1978:DC).  On  the  Dead  Indian  Plateau,  Oreg.,  the  best 
natural  regeneration  occurred  when  60  percent  of  the 
overstory  canopy  remained  after  planting.  Personnel 
estimated  this  optimal  percentage  given  other  variables 
affecting  regeneration,  but  pocket  gopher  damage  con- 
stituted a  major  concern.  Buchner  and  Rorabaugh 
(1979:DTF),  examining  a  number  of  harvest  methods,  in- 
dicated that  properly  employed  selective  cuts  might 
result  in  excellent  natural  regeneration  to  the  extent 
that  gopher  depredation  would  not  cause  a  substantial 
impact. 

Replanting  should  occur  as  soon  as  possible  after 
harvest.  Planting  more  and  larger  fast-growing  stock 
can  minimize  seedling  susceptibility  to  mortality  from 
gophers.  In  addition,  sites  can  be  prepared  for  machine 
baiting  by  manipulating  debris  and  planting  trees  to 
allow  spaces  large  enough  to  accommodate  a  burrow 
builder  (Capp  1976:DTF). 

Herbicide  reduces  a  habitat's  carrying  capacity  for 
gophers  by  altering  the  plant  community  composition. 
On  rangeland,  treatment  with  2,4-D  provided  dramatic 
reductions  in  forb  species,  and  subsequent  decreases  in 
gopher  populations  followed  (Keith  and  others  1959:DC; 
Hansen  and  Ward  1966:HRR;  Tietjen  1973:DC;  Hull 
1971:DC).  Extensive  feeding  trials  revealed  that  direct 
ingestion  of  2,4-D  sprayed  on  grasses  and  forbs  resulted 
in  no  apparent  toxic  effects  to  gophers  (Tietjen  and 
others  1967:HRR). 

In  forest  environments,  complete  control  of  vegetation 
with  atrazine,  simazine,  and  2,4-D  reduced  gopher  activi- 
ty to  one-tenth  of  that  on  untreated  £ireas.  In  addition, 
competition  with  conifer  seedlings  for  soil  moisture  was 
reduced  and  seedling  survival  increased  (Black  and 
Hooven  1977:DC).  Crouch  and  Hafenstein  (1977:DC) 
fopnd  that  aerizil  applications  of  atrazine  improved  sur- 
vival of  ponderosa  pines  that  were  subjected  to  competi- 
tion from  herbaceous  vegetation  and  depredation  by 
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pocket  gophers.  Crouch  (1979:DC)  found  in  south-central 
Oregon  that  one  or  two  fall  applications  of  atrazine  to 
1-acre  (0.4-ha)  plots  of  ponderosa  pine  significantly  in- 
creased seedling  survival  and  growth  after  10  growing 
seasons.  His  results  strongly  indicated  that  atrazine 
treatments  over  larger  areas  would  further  increase 
effectiveness. 

Pocket  gopher  populations  generally  do  not  decline  in 
response  to  vegetation  alterations  for  at  least  1  year 
after  control  treatments.  Managers  should  delay  forest 
regeneration  attempts  accordingly;  otherwise,  gophers 
are  likely  to  increase  feeding  activity  on  planted  conifers 
as  other  foods  become  unavailable  (Black  and  Hooven 
1974:HRF,  1977:DC;  Burton  and  Black  1978:FF;  Crouch 
1979:DC). 

Because  control  via  vegetation  alteration  is  short- 
lived, manipulation  will  probably  be  most  valuable  when 
used  to  improve  the  efficacy  of  direct  control  or  to 
establish  physical  barriers  to  gopher  dispersal.  In  USDA 
Forest  Service  Region  5,  integrated  control  approaches 
combining  habitat  manipulation  with  baiting  programs 
commonly  occur.  Baiting  with  increased  stocking  levels 
has  also  been  used  to  resolve  gopher  damage  problems. 
Combining  methods  of  control  may  be  expensive  but 
necessary  in  many  areas  (Minore  1978:DTF).  Because  of 
growing  concerns  of  potential  human  and  environmental 
hazards,  future  use  of  herbicides  and  poison  baits  may 
be  severely  restricted. 

5.  Kill  trapping.— Managers  use  kill  trapping  most  ex- 
tensively in  small  affected  areas  or  where  very  low 
gopher  populations  occur.  Trapping  adequately 
substitutes  for  poisoning  in  terms  of  effectiveness,  but 
the  technique  is  more  labor  intensive  and  expensive 
(Crouch  1979:DC).  Frank  (1975:DC)  did  not  consider  kill 
trapping  the  most  humane  way  of  killing  zuiimals. 
Managers  use  trapping,  in  conjunction  with  other  con- 
trol methods,  to  remove  any  of  the  rodents  missed  in 
the  initial  control  operation,  to  stop  reinvasion  at  the 
onset,  or  as  a  research  tool  (Tietjen  1973:DC).  Trapping 
incurs  some  nontarget  mortality,  but  does  not 
significantly  affect  other  small  mammal  populations 
(Frank  1975:DC). 

Of  the  variety  of  traps  used,  Tietjen  (1973:DC) 
reported  the  Macabee  type  worked  best  for  northern 
pocket  gophers.  In  southern  Alberta,  Alsager 
(1977:HRR)  evaluated  a  number  of  traps  and  achieved 
best  success  with  the  Guardian  gopher  trap.  Frank 
(1975:DC)  prepared  a  set  of  guidelines  for  conducting  a 
trapping  program. 

Various  authors  discuss  trapping  techniques  and 
related  success  (Dixon  1922:DC;  Crouch  1933:DC;  Storer 
1938:DC).  Because  of  characteristic  behaviors  of 
gophers,  there  is  some  controversy  over  whether  to  close 
openings  above  sets  or  to  leave  them  open,  exposed  to 
light  and  air.  Gamboa  (1975:BE)  tested  the  efficiency  of 
both  trapping  methods  and  found  no  significant  dif- 
ference between  them.  He  warned,  however,  that  trap- 
ping efficiency  may  reflect  species-specific  behavioral 
responses. 

6.  Wire  caging  and  plastic  seedling  protectors. — In  the 
past,  managers  protected  young  trees  from  gopher 
damage  by  enclosing  individual  seedlings  in  wire  cages. 


On  the  Dead  Indian  Plateau,  Oreg.,  caged  seedlings 
grew  better  in  some  instances  than  bare-root  and 
container-grown  seedlings.  The  cages  provided  protec- 
tion from  snow,  litter  fall,  and  foraging  animals 
(Williamson  and  Minore  1978:DTF).  However,  managers 
did  not  consider  caging  practical  because  of  expense.  In- 
dustry subsequently  developed  plastic  mesh  seedling 
protectors  such  as  "Vexar"  to  replace  wire  caging 
(Campbell  and  Evans  1975:DC)  (fig.  9).  Vexar  effectively 
reduced  gopher  damage  to  conifer  seedlings  over  un- 
protected seedlings  (Anthony  and  others  1978:DC).  In 
1977,  two  20-acre  (8.1-ha)  plots  were  pleinted  with  Vexar- 
protected  seedlings  on  the  Ashton  Ranger  District, 
Idaho.  To  date,  both  still  show  96  percent  tree  survival 
and  additional  growth,  as  compared  to  30  percent  sur- 
vival of  nonprotected  trees.  In  addition,  200  acres  (81 
ha)  contract-planted  in  1979  also  remain  protected  from 
depredation.  However,  associated  costs  are  three  times 
higher  than  contract  control  by  baiting  (Birch  1982,  per- 
sonal communication).  Although  expensive,  this  pro- 
cedure should  be  considered  when  there  are  environmen- 
tal hazards  associated  with  baiting  or  where  a  long-term 
commitment  to  rebaiting  cannot  be  assured  (Barnes  aind 
Anderson  1982,  personal  communication).  Problems 
associated  with  this  method,  other  than  cost,  may  in- 
clude: breakage;  compression  of  the  tubing  by  extreme 
cold,  snow,  and  frost  heaving;  and  deformity  of  terminal 
buds  and  roots  protruding  through  mesh  openings 
(Anthony  and  others  1978:DC). 


Figure  9— Seedling  protected  by  a  Vexar 
tube. 
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7.  Exclosures.— Exclosures  protected  study  plots  from 
invading  gophers  with  variable  success  (Horn  and  Fitch 
1942:HRR;  Ellison  and  Aldous  1952:HRR).  Workers, 
however,  place  little  value  on  exclosures  for  real  opera- 
tional control.  Small-mesh  wire,  sheet  metal,  or  concrete 
fencing  may  be  effective  in  local  situations.  For  best 
protection  from  overland  and  subterranean  invasion, 
fencing  should  extend  2  ft  (0.6  m)  below  ground  surface 
and  1  ft  (0.3  m)  above  ground  depending  on  expected 
snow  depth  (Cummings  1962:DC).  Cummings  reported 
that  fencing  with  wire  mesh  or  concrete  deterred 
burrowing  in  canals  or  ditches,  although  fencing 
involved  high  costs. 

8.  Gas  cartridges.— The  placement  of  gas  cartridges  in 
pocket  gopher  burrow  systems  provides  one  alternative 
to  baiting.  But  the  technique  is  costly  and  relatively  in- 
effective because  gophers  have  such  long  burrow 
systems  (Rost  1978:DC).  Methods  previously  discussed 
show  greater  promise  for  future  use,  although  this 
method  of  control  could  be  applied  in  campgrounds  or 
situations  where  other  toxicants  or  trapping  techniques 
are  undesirable  (Borrecco  1982,  personal 
communication). 

Timing  of  Treatment 

Successful  deimage  control  requires  organizational 
commitment,  persistence,  and  the  timely  coordination  of 
all  regeneration  practices.  On  forest  plantations,  time-of- 
treatment  decisions  must  take  into  account  density,  size, 
and  distribution  of  existing  tree  stock,  as  well  as  pocket 
gopher  abundance.  The  entire  area  occupied  by  gophers 
must  receive  treatment  and,  if  necessary,  periodic 
retreatment  (Moore  and  Reid  1951:HRR;  Richens 
1965:DC;  Allen  and  others  1978:DC).  The  administration 
of  control  treatments  must  occur  at  appropriate  times  to 
achieve  maximum  population  reductions.  Managers 
should  concentrate  efforts  on  achieving  lowest  gopher 
densities  during  the  seasons  of  highest  probable 
depredation.  Allen  and  others  (1978:DC)  thought  treat- 
ment should  take  place  before  the  young  dispersed  or 
during  the  winter  season.  Buchner  and  Rorabaugh 
(1979:DTF)  stated  that  for  maximum  success,  toxic 
baits  should  be  applied  when  animals  are  most  active 
and  preferably  before  parturition.  Barnes  (1974:HRF), 
however,  recommended  fall  treatments  because  earlier 
treatments  did  not  adequately  protect  areas  from  rapid 
reinvasion.  Gophers  exhibit  strong  tendencies  to  rein- 
vade  areas  newly  vacated  after  control  (Barnes 
1974:HRF).  Spring  baitings  or  less  frequent  applications 
may  suffice  on  sites  with  low  reinvasion  potential  or 
supporting  low  gopher  populations  (Barnes  and  others 
1970:DC).  Treatment  extending  60  ft  (18  m)  into  a  plan- 
tation perimeter  could  minimize  reinvasion  after  poison- 
ing (Allen  and  others  1978:DC). 

In  areas  of  heavy  infestation,  Birch  (1978:DC)  recom- 
mended fall  baiting  with  a  mechanical  burrow  builder 
before  planting,  followed  by  hand  baiting  for  two  subse- 
quent summers  to  allow  adequate  establishment  of 
young  plantations.  However,  managers  must  monitor 
sites  annually  thereafter  and  promptly  re-treat  sites 
showing  reinvasion. 


Miller  (1948:B)  found  control  on  agricultural  lands 
best  after  the  first  heavy  rains  of  autumn.  Lower 
vegetation  exists,  gophers  accept  baits  more  readily,  and 
workers  locate  runways  and  mounds  more  easily  during 
this  time.  Control  effectiveness  increases  in  the  fall 
because  it  precedes  the  winter  and  spring  breeding 
seasons.  Summer  and  fall  usually  are  poor  times  for  con- 
trol on  nonirrigated  lands  because  gophers  become  less 
active  and  vegetation  may  obscure  mounds,  making  pro- 
bing difficult. 

Gopher  population  size  dictates  the  number  and  kind 
of  treatments  necessary  (Barnes  1974:HRF).  Any  techni- 
que depends  on  variables  that  may  include:  the  physical 
restraints  of  the  environment,  especially  soil  and 
topography;  lack  of  quality  conifer  seed;  budget 
restraints;  insufficient  personnel  to  administer  programs; 
equipment;  and  ecological  or  political  consideration  (Tiet- 
jen  1973:DC;  Barnes  1974:HRF;  U.S.  Department  of 
Agriculture  1979:DTF). 


RESEARCH  NEEDS 

A  strong  need  exists  to  develop  new  methods  and 
refine  existing  techniques  for  management  of  pocket 
gophers.  Recently  in  the  Western  United  States,  the 
Pocket  Gopher-Reforestation  Activity  Review  Team 
(U.S.  Department  of  Agriculture  1979:DC)  created  pro- 
cedures for  assessing  gopher  damage,  identifying  related 
problems  and  issues,  evaluating  control  efforts,  and 
making  recommendations  to  guide  future  research  and 
control.  To  date,  the  team  has  reviewed  management 
and  reforestation  activities  in  USDA  Forest  Service 
Regions  4  and  6  only,  but  considers  the  findings 
representative  of  all  Western  States.  The  group  iden- 
tified a  number  of  areas  and  issues  in  need  of  attention. 
Many  of  these  are  included  in  this  section. 

Improved  solutions  to  gopher  damage  prevention  and 
control  require  more  information  than  is  presently 
available.  In  many  areas,  problems  are  evident,  but 
detailed  surveys  documenting  damage  are  lacking. 
Budget  limitations  make  it  necessary  to  prioritize 
research  needs  and  to  determine  areas  where  control  is 
most  important.  Relationships  between  gopher  depreda- 
tion and  economic  loss  must  be  evaluated  on  different 
areas  to  analyze  the  long-term  costs  and  benefits  of  con- 
trol and  to  choose  techniques  most  warranted. 

Control  Methodology 

1.  Response  to  habitat  manipulation.— Indirect  control 
via  habitat  manipulation  has  potential  use,  but  further 
information  is  necessary  to  evaluate  how  gopher  popula- 
tions will  respond  to  habitat  changes  resulting  from 
herbicides,  various  silvicultural  systems,  and  various 
site  preparation  techniques.  On  most  areas,  there  is  a 
shortage  of  information  identifying  the  forest  com- 
munities and  situations  where  preventive  management 
could  be  most  effective  (Barnes  1982,  personal  com- 
munication). Development  of  general  criteria  to  foretell 
problem  areas  might  be  valuable  for  land  managers  who 
are  faced  with  difficult  decisions  in  land-use  or  harvest- 
planning  stages.  Clearly  defined  relationships  between 
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gopher  densities  and  specific  habitat  characteristics  do 
not  always  exist  (Volland  1973:HRF;  Anderson 
1976:HRF;  Youmans  1979:HRF;  Buchner  and 
Rorabaugh  1979:DTF),  but  certain  habitats  can 
generally  be  correlated  to  high  and  low  gopher  popula- 
tions. However,  it  is  still  necessary  to  evduate  each 
situation  individually  and  maintain  past  and  future 
studies  for  use  as  guides. 

2.  Plastic  seedling  protectors.— Further  evaluation  is 
needed  on  protective  tubing  such  as  Vexar.  Although 
this  method  is  promising,  further  improvements  in 
prepeiration,  transportation,  and  planting  of  enclosed 
seedlings  are  necessary  to  make  the  procedure  more 
economically  efficient  (Anthony  and  others  1978:DC). 
Additional  studies  might  determine  whether  this  type  of 
protective  tube  adversely  affects  seedling  root  develop- 
ment and  tree  growth. 

3.  Poison  baits.— The  development  of  new  toxicants 
that  might  prove  more  effective,  specific,  or  safer  to 
people  and  nontarget  wildlife  is  considered  important. 
The  best  time  for  baiting  treatments  in  different  areas  is 
still  uncertain.  The  possibility  of  winter  control  and  bait 
acceptance  needs  further  study.  Continued  studies  are 
needed  of  factors  related  to  baiting  mortality,  including 
bait  attractiveness,  toxicity  of  poison,  causes  of  varying 
rodent  susceptibility,  and  bait  duration.  In  1978, 
Weyerhaeuser  researchers  looked  at  the  possibility  of 
enclosing  baits  in  polyethylene  bags  (bagged  bait)  to  ex- 
tend duration,  reduce  baiting  costs,  and  further  combat 
reinvasion  of  existing  burrow  systems  by  dispersing 
gophers.  At  that  time,  results  of  their  study  seemed  pro- 
mising (Ray  1978,  personal  communication).  Another 
suggestion  involves  further  development  of  longer 
lasting  toxic  foam  or  grease  for  placement  in  artificial 
burrows.  However,  Marsh  (1982,  personal  communica- 
tion) indicated  that  past  control  efforts  with  existing 
toxic  foams  proved  relatively  ineffective  on  T.  bottae.  In 
the  future,  long-lived  baits  might  meet  with  opposition 
from  the  Environmental  Protection  Agency. 

4.  Hazards  to  nontarget  species. — Most  studies  do  not 
indicate  significant  control-related  hazards  to  nontarget 
species,  but  potential  primary  and  secondary  dangers  of 
direct  or  indirect  control  practices  are  a  major  public 
concern.  This  is  particularly  true  when  treated  areas  oc- 
cur in  or  near  habitats  of  threatened  or  endangered 
species.  Federal  registration  requirements  for  existing 
poisons  and  new  toxicants  are  becoming  increasingly 
restrictive.  These  same  concerns  are  developing  over 
herbicide  use.  Such  uncertainties  may  limit  future  use  of 
the  baiting  programs  managers  most  commonly  rely 
upon  today.  For  this  reason,  further  evaluation  of  con- 
trol agents  is  necessary,  and  development  of  poison-free 
control  measures  is  emphasized.  In  addition,  oppor- 
tunities to  educate  the  public  on  these  issues  should  not 
be  overlooked. 


5.  Feeding  habits.— Quantitative  data  on  gopher 
feeding  habits  as  they  relate  to  reforestation  will  help 
predict  problems  and  develop  more  effective  control 
methods.  Gopher  population  levels  tolerable  in  conifer 
plantations  should  be  assessed.  Tree  stocking  levels  able 
to  withstand  low  to  moderate  gopher  depredation  need 
to  determined.  Radwin  and  others  (1982:FF)  compared 
essential  oil  content  in  ponderosa  pine  seedlings  from 
nine  different  regions.  Gophers  exposed  to  seedlings 
showed  different  degrees  of  feeding  preference.  Further 
study  may  lead  to  the  discovery  or  development  of 
naturally  gopher-resistant  plant  species  and  less 
vulnerable  seedling  stock.  Such  findings  might  also  lead 
to  development  of  some  other  gopher  repellent  or  deter- 
rent. However,  the  adaptable  feeding  preferences  of 
gophers  may  limit  the  potential  of  this  approach. 

6.  Repellents. — Potential  for  further  development  of 
repellents  on  forest  lands  exists.  Information  detailing 
subsequent  effects  to  both  the  gophers  and  the  trees 
themselves  will  be  needed.  In  the  past,  repellents  have 
provided  protection  for  buried  cables  (Tigner  and  Land- 
strom  1968:DC),  and  Barnes  (1973:DTF)  cites  a  report  of 
similar  success  with  fruit  trees. 

7.  Grooming  inhibitors. — The  use  of  special  tacky 
substances  or  wetting  agents  placed  in  burrow  systems 
or  in  the  soil  might  inhibit  animal  grooming  and  condi- 
tion gophers  to  avoid  certain  areas,  abandon  burrows,  or 
become  less  able  to  survive.  Such  sticky  substances  are 
yet  to  be  lab-tested,  and  adequate  evaluation  for  control 
would  require  further  behavioral  research,  including 
studies  on  food-handling  and  grooming  behavior  and  the 
animal's  response  to  these  substances.  Successful  opera- 
tional control  is  deemed  unlikely. 

8.  Reproductive  inhibitors.— The  use  of  reproductive 
inhibitors  has  been  considered,  but  the  probability  of 
success  is  judged  low  (U.S.  Department  of  Agriculture 
1979:DC).  Some  believe  fossorial  rodents  communicate 
territoriality  and  reproductive  status  via  specific 
chemical  signals  (pheromones)  (Brown  1971:RGA). 
Employing  these  as  repellents  or  to  inhibit  reproduction 
may  be  possible,  but  unlikely. 

Integrated  Management 

The  means  to  effective  and  efficient  control  most  like- 
ly lies  in  a  holistic  approach.  This  entails  integrating 
dynamics  of  gopher  population  structure  and  growth, 
economic  analysis,  land  management  options,  and  an 
understanding  of  forest  ecology  into  an  ecosystem- 
oriented  analysis  of  the  problems.  On  forest  sites  with 
serious  gopher  problems,  successful  regeneration  often 
depends  on  the  land  manager's  ability  to  integrate  two 
or  more  control  methods.  In  the  future,  emphasis  on 
various  control  combinations  and  prevention  of  popula- 
tion buildups  will  increase.  Managers  should  continue  to 
familiarize  themselves  with  pocket  gopher  problems  and 
the  ways  to  best  use  existing  control  techniques. 
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RESEARCH  SUMMARY 

This  report  describes  a  user-oriented  computer 
system  that  allows  fire  managers  to  examine  com- 
puterized historical  fire  occurrence  and  weather 
records,  and  to  thus  identify  ignitions  that  would  meet 
criteria  for  prescribed  fires.  Qualifying  fires  are 
"allowed  to  burn"  under  prevailing  weather  conditions 
until  extinguished  by  precipitation  or  until  prescribed 
conditions  are  exceeded.  Test  prescription  parameters 
may  include  up  to  60  fire-occurrence,  fire-weather,  fire- 
danger,  and  fire-manning  level  variables. 

The  report  includes  step-by-step  instructions  and 
samples  of  input  and  output.  Part  2— Computer  Ter- 
minal Operator's  Manual  (Bevins  and  Fischer  1983)  is 
available  as  a  separate  general  technical  report. 
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INTRODUCTION 

Federal  land  managers  increasingly  formulate  and 
evaluate  a  range  of  options  before  deciding  on  a  specific 
fire  management  strategy  for  a  given  wildland  area. 
This  task  is  most  often  associated  with  integrated  land 
management  planning.  The  range  of  fire  management 
options  formulated  usually  corresponds  to  a  range  of 
land  management  alternatives. 

Evaluation  criteria  applied  to  different  fire  manage- 
ment options  usually  include  goals  for  number  of  fires 
and  acres  burned,  both  for  wildfires  and  for  prescribed 
fires.  FOCUS,  a  large-scale  computer  simulation  model, 
provides,  among  other  things,  information  useful  for 
evaluating  how  well  various  fire  management  strategies 
meet  established  wildfire  goals  (Bratten  and  others  1981; 
Greenlee  1982).  Program  PRESCRIBE  (Furman  1979) 
and  programs  RXWTHR  and  RXBURN  (Bradshaw  and 
Fischer  1981a,  1981b)  are  computer  programs  that  aid 
formulation  and  evaluation  of  alternative  prescriptions 
for  traditional  prescribed  fire  (manager-ignited  or 
"scheduled"  prescribed  fires).  Information  provided  by 
these  programs  is  useful  in  determining  the  probability 
of  achieving  scheduled  prescribed  fire  goals. 

Johnson  and  Main  (1978)  have  also  developed  a  com- 
puter program  RXBURN  to  aid  in  planning  prescribed 
fire.  Although  its  output  is  similar  to  some  of  the  out- 
put from  the  PRESCRIBE  and  RXWTHR  and 
RXBURN  programs  cited  above,  it  is  not  on-line  at  the 
Fort  Collins  Computer  Center. 

The  computer  system  described  in  this  report  is  also 
designed  to  provide  information  that  can  be  used  to 
assess  how  well  various  fire  msmagement  strategies,  or 
prescriptions,  meet  prescribed  fire  goals.  Of  particular 
concern  here  are  those  fire  mainagement  prescriptions 
that  allow  natural  or  accidental  ignitions  to  burn  under 
planned  conditions  to  accomphsh  land  management  ob- 
jectives. Such  fires  are  veu-iously  labeled  natural  fires, 
management  fires,  and  unplanned  prescribed  fires.  We 
will  refer  to  them  as  being  unscheduled  prescribed  fires 
because  although  their  occurrence  is  plgmned  (an- 
ticipated, expected)  the  timing  of  their  occurrence  is 
unknown,  hence  unscheduled. 

Programs  RXBUILD  and  RXFIRES  evaluate  alter- 
native prescriptions  for  unscheduled  prescribed  fires 
within  specific  fire  management  planning  areas.  The  pro- 


grams examine  computerized  historical  fire  occurrence 
and  weather  records,  and  from  these  records  identify  ig- 
nitions that  would  have  qualified  as  prescribed  fires  ac- 
cording to  the  conditions  of  the  test  prescription.  Quali- 
fying fires  are  "allowed  to  burn"  under  prevaihng 
weather  conditions  until  extinguished  by  precipitation  or 
until  they  burn  out  of  prescription.  In  actual  practice,  a 
fire  that  bums  out  of  prescription  is  declared  an  escaped 
fire.  Subsequent  action  is  based  on  results  of  an  escaped 
fire  analysis  (Nelson  1979).  The  decision  may  be  to  sup- 
press the  fire  or  to  allow  it  to  burn,  or  some  modifica- 
tion of  either  of  these  actions.  Test  prescription 
parameters  may  include  up  to  60  fire-occurrence,  fire- 
weather,  fire-danger-rating,  and  fire-manning-level 
variables. 

SYSTEM  DESCRIPTION 

Two  interrelated  computer  programs,  RXBUILD  jmd 
RXFIRES,  make  up  the  system.  The  system  is  designed 
to  use  fire  report  information  stored  in  the  National  Fire 
Occurrence  Data  Library  (NFODL)  (Yancik  and 
Roussopoulos  1982)  and  the  climatological  data  stored  in 
the  National  Fire  Weather  Data  Library  (NFWDL) 
(Furman  and  Brink  1975).  Both  data  libraries  are  located 
at  the  USDA  Forest  Service's  Fort  ColUns,  Colo.,  Com- 
puter Center  (FCCC).  Programs  RXBUILD  and 
RXFIRES  are  written  in  ASCII  3.9X-77  FORTRAN 
and  are  stored  in  the  Northern  Region  shared  library 
CSSG*R1LIB  at  FCCC.  The  programs  are  available  via 
either  remote  terminal  or  batch  processing  to  all  who 
have  access  to  FCCC  facilities. 

Program  RXBUILD 

Program  RXBUILD  collates  the  necessary  fire  occur- 
rence and  fire  weather  data  from  computer  archives  and 
creates  a  data  set  specific  to  a  fire  management  area 
described  by  the  user.  The  data  set  may  be  printed  at 
the  user's  request. 

FEATURES  OF  RXBUILD 

RXBUILD  obtains  fire  reports  specific  to  a  user- 
designated  set  of  up  to  10  Nationad  Forest  Ranger 
Districts.  Reports  may  be  obtained  for  any  set  of  fire 
years  available  from  the  National  Fire  Occurrence  Data 
Library. 


Fire  reports  are  accessed  from  a  file  created  by  the 
NFODL  routine  NFODL*PROGRAMS.RETRIEVE. 
The  user  does  not  have  to  prepare  fire  report  forms  as 
program  input. 

The  user  may  specify  any  AFFIRMS  (Helfman  and 
others  1980)  weather  station,  fuel  model,  slope  class, 
herbaceous  type,  climate  class,  etc.,  to  obtain  fire 
weather  observations  for  each  District.  Districts  may 
share  the  same  AFFIRMS  station  or  use  sepeirate  sta- 
tions. All  fires  within  the  District  will  use  the 
designated  AFFIRMS  station  weather  data  to  test 
prescriptions  in  program  RXFIRES. 

RXBUILD  automatically  retrieves  fire  weather  data 
directly  from  the  National  Fire  Weather  Data  Library 
for  the  selected  AFFIRMS  stations.  The  user  does  not 
have  to  prepare,  access,  or  store  the  weather  data  as  a 
separate  step.  RXBUILD  automatically  processes  each 
station's  fire  weather  observations  through  the 
NFDR78*FIREFAMILY.FIRDAT1  (Main,  Staub,  and 
Paananen  1982)  routines  to  obtain  daily  National  Fire 
Danger  Rating  System  (NFDRS)  (Deeming  and  others 
1977)  indices.  NFDRS  indices  may  thereafter  be  used  as 
prescription  parameters  in  program  RXFIRES. 

RXBUILD  will  compute  up  to  three  manning 
variables  for  each  daily  AFFIRMS  observation.  Man- 
ning variables  may  be  based  upon  any  user-designated 
weather  observation  or  danger  rating.  Classes  within  the 
manning  variables  are  defined  by  90th  and  97th  percen- 
tile values  as  described  by  Helfman  and  others  (1980). 

RXBUILD  constructs  a  sequential-access  fire  report 
file  £md  a  direct-access  fire  weather,  danger,  and  man- 
ning file  for  the  specified  set  of  Ranger  Districts, 
AFFIRMS  stations,  and  years.  RXBUILD  will  print  the 
fire  report  and  fire  weather  files  if  requested. 

LIMITATIONS  OF  PROGRAM  RXBUILD 

Programs  RXBUILD  and  RXFIRES  use  archival  data 
from  the  National  Fire  Weather  Data  Library.  Gibson 
(1977),  Bradshaw  and  Fischer  (1981a),  and  others  have 
noted  limitations  on  the  use  of  NFWDL  records  for 
planning  prescribed  fires;  observations  are  taken  only 
once  per  day  at  typically  severe  sites  over  the  length  of 
the  fire  season.  As  a  result,  the  single  observation  must 
be  considered  representative  of  the  entire  day  when  in 
fact  it  represents  conditions  at  midafternoon  on  exposed 
southern  aspects.  Second,  weather  observations  are  rare- 
ly recorded  for  more  than  5  months  each  year.  Data  are 
therefore  scarce  for  the  pre-  and  postfire  seasons, 
periods  of  special  interest  when  determining  fire 
prescriptions. 

Program  RXBUILD  will  construct  fire  report  and  fire 
weather  files  for  a  maximum  of  10  Ranger  Districts  on  a 
single  National  Forest.  If  the  fire  management  area 
covers  more  than  10  Districts,  or  includes  Districts  from 
more  thain  one  Forest,  separate  RXBUILD  runs  can  be 
made  to  create  two  or  more  sets  of  fire  report  and 
weather  files.  Program  RXFIRES  is  then  run  once  for 
each  set  of  files  and  the  results  combined. 


Program  RXFIRES 

Program  RXFIRES  reads  the  user's  test  prescription 
and  checks  each  historical  fire  for  compliance.  A  table  of 
qualifying  unscheduled  prescribed  fires  and  nonqualify- 
ing wildfires  by  year  and  size  class  is  printed.  The  user 
may  also  request  a  case  history  of  each  unscheduled 
prescribed  fire  and  a  fire  load  summary  table.  RXFIRES 
may  be  used  repeatedly  to  test  alternative  prescriptions 
for  a  single  fire  management  area  data  set  created  by 
RXBUILD. 

FEATURES  OF  PROGRAM  RXFIRES 

The  user  of  program  RXFIRES  may  restrict  test 
prescription  analysis  to  any  subset  of  fire  reports  on  file. 
This  is  accomplished  by  specifying  "exclusion  criteria" 
based  on  any  fire  variable.  The  analysis  may  be 
restricted,  for  example,  to  fires  from  selected  Districts, 
watersheds,  ignition  sources,  elevation  bands,  cover 
types,  seasonal  dates,  and  so  on.  Up  to  99  exclusion 
criteria  may  be  specified. 

The  user  may  specify  up  to  99  "suppression  criteria" 
based  upon  the  value  of  any  fire-occurrence,  fire-weather, 
NFDRS-index,  or  manning-level  variable.  The  suppres- 
sion criteria  therefore  determine  the  unscheduled 
prescribed  fire  test  prescription. 

The  user  may  elect  to  "preview"  any  fire-weather, 
NFDRS-index,  or  manning-level  suppression  criterion  for 
any  number  of  days  preceding  each  fire.  This  permits 
the  use  of  a  suppression  criterion  such  as  "suppress  the 
fire  if  the  energy  release  component  is  greater  than  50 
on  any  of  the  4  days  preceding  a  fire.  " 

Historiceil  fires  that  are  not  excluded  from  the 
analysis  are  tested  against  the  suppression  criteria.  If 
none  of  the  suppression  criteria  are  met,  the  fire  is 
declared  an  "unscheduled  prescribed  fire"  and  is 
monitored  every  day  thereafter  until  one  of  the  following 
conditions  occurs: 

1.  One  of  the  fire-weather  or  NFDRS-index  suppres- 
sion criteria  is  met  and  the  fire  becomes  a  "wildfire"; 

2.  The  fire  is  extinguished  by  an  excessive  amount  of 
precipitation  in  a  24-hour  period  (an  amount  defined  by 
the  user); 

3.  The  fire's  AFFIRMS  station  is  closed  for  20  con- 
secutive days  indicating  the  end  of  the  season's  weather 
observations. 

RXFIRES  prints  a  yearly  summary  by  size  class  of: 

1.  Total  fire  reports  on  the  fire  report  file; 

2.  Total  fire  reports  not  excluded  from  the  analysis; 

3.  Total  wildfires; 

4.  Total  unscheduled  prescribed  fires;  and 

5.  Total  unscheduled  prescribed  fires  that  later  met  a 
suppression  criteria. 

RXFIRES  will  additionally  print  a  short  case  history  of 
each  unscheduled  prescribed  fire  (output  level  2).  Each 
case  history  includes: 

1.  General  fire  description  (Forest  Supervisor's 
number,  cause,  date.  Forest,  District,  and  legal 
description); 

2.  Up  to  12  additional  variables  selected  by  the  user; 
and 


3.  The  day  the  fire  was  extinguished  by  precipitation, 
burned  into  the  end  of  the  season,  or  escaped  prescrip- 
tion. In  the  latter  case,  the  suppression  criteria  that  was 
met  and  its  value  is  printed. 
RXFIRES  will  additionally  print  a  wildfire  vs. 
unscheduled  prescribed  fire  load  summary  (output  level 
3).  Up  to  15  years  of  fire  reports  ceui  be  processed  in  a 
single  RXFIRES  run. 

LIMITATIONS  OF  PROGRAM  RXFIRES 

RXFIRES  is  not  a  fire  model.  It  cannot  predict 
prescribed  fire  spread  rate,  perimeter,  or  acres  burned. 
It  cannot  determine  if,  nor  when,  fires  burn  across 
management  area  boundaries,  final  size  and  perimeter  of 
unsuppressed  fires,  nor  final  fire  size,  perimeter,  nor 
hours  to  control  if  suppressed.  The  following  restrictions 
therefore  exist  when  interpreting  RXFIRES  output: 

1.  Once  an  ignition  is  determined  to  be  an  un- 
scheduled prescribed  fire,  its  daily  weather-observation, 
NFDRS-index,  and  manning-level  prescription  variables 
are  monitored  for  compliance.  Fire-occurrence  variables 
used  as  suppression  criteria  cannot  be  monitored  in  this 
fashion  as  their  values  do  not  change  from  day  to  day 
on  the  5100-29  fire  report  forms.  Thus,  RXFIRES  can- 
not determine  when  or  if  a  fire  bums  outside  a  manage- 
ment area,  across  an  elevational  contour,  into  the  next 
watershed  or  District,  etc. 

2.  Because  it  is  not  a  fire  model,  users  must  apply 
their  own  judgment  on  the  potential  of  each  fire  to 
escape  the  management  area.  The  RXBUILD  fire  report 
and  fire  weather  file  listings  may  be  useful  in  simulating 
the  potential  behavior  of  prescribed  fires. 

3.  The  final  size  class  of  unscheduled  prescribed  fires 
listed  in  the  yearly  summary  table  is  the  same  as 
recorded  on  the  5100-29  forms.  No  attempt  is  made  to 
determine  a  historical  fire's  final  size  class  had  it  not 
been  suppressed. 


4.  Once  an  unscheduled  prescribed  fire  meets  any  of 
the  suppression  criteria,  it  is  again  considered  to  be  a 
wildfire  (even  though  in  actual  practice  the  fire  may  be 
allowed  to  burn  on  as  a  result  of  management  decision 
based  on  an  escaped  fire  analysis).  The  number  of  days 
it  burned  as  a  prescribed  fire  is  added  to  the  deiily 
prescribed  fire  load  calculations.  The  number  of  days  it 
then  burned  as  a  wildfire,  however,  is  determined  solely 
from  its  5100-29  "hours  to  control"  entry,  although  the 
fire  may  have  substanti^dly  increased  in  size  and  control 
difficulty.  The  daily  fire  load  summary  table  may 
therefore  seriously  underestimate  the  drain  of  these  fires 
on  fire  maneigement  resources.  Again,  some  compensa- 
tion may  be  made  by  consulting  the  report  listing  for 
these  fires  and  making  judgments  on  difficulty  to  con- 
trol and  final  size  under  the  existing  conditions. 

SYSTEM  OPERATION 

The  steps  necessary  to  successfully  operate  programs 
RXBUILD  and  RXFIRES  are  listed  in  table  1.  The  left- 
hand  column  in  table  1  identifies  the  steps  usually  per- 
formed by  the  fire  management  officer,  fire  planner,  or 
other  end-user  of  the  program  output.  This  person  is 
primarily  concerned  with  selecting  appropriate  program 
inputs  and  interpreting  program  outputs.  This  report 
provides  instructions  to  these  users. 

The  right-hand  column  in  table  1  identifies  the  steps 
usually  performed  by  a  computer  terminal  operator  or 
computer  specialist  who  enters  the  data,  submits  the 
programs  for  execution,  and  maintains  the  data  files.  A 
companion  report,  "Part  2— Computer  Terminal 
Operator's  ManuJil"  (Bevins  and  Fischer  1983)  contains 
detailed  instructions  for  those  steps.  Variables  that  can 
be  used  as  prescription  parameters  in  RXBUILD  and 
RXFIRES  are  listed  in  table  2. 


Table  1.— List  of  steps  necessary  to  operate  programs  RXBUILD  and  RXFIRES 


Fire  planner 
responsibilities 


Terminal  operator 
responsibilities 


PROGRAM  RXBUILD 


1.  Connplete  RXBUILD  input 
worksheet. 


2.  Deternnine  NFWDL  tape  name. 
(Consult  Furman  and  Brink  1975). 

3.  Create  NFODL  SPSS-style  fire 
file.  (Consult  Yancik  and 
Roussopoulas  1982). 

4.  Access  CSSG'RILIB.RXBUILD  to 
enter  worksheet  items  and  create 
an  input  directive  file. 

5.  @ADD  the  RXBUILD  directive  file 
to  execute 
CSSG*R1LIB.RXBUILD2. 


6.   Interpret  RXBUILD  output. 


10. 
11. 


PROGRAM  RXFIRES 


Complete  RXFIRES  input 
worksheet. 


Interpret  RXFIRES  output. 
Return  to  Step  7  for  next  test 
prescription. 


Access  CSSG'RILIB.RXFIRES  to 

enter  worksheet  Items  and  create 

an  input  directive  file. 

@ADD  the  RXFIRES  directive  file 

to  execute 

CSSG*R1LIB.RXFIRES2. 


Table  2.— List  of  variables  that  can  be  used  as  prescription  parameters;  programs 
RXBUILD  and  RXFIRES 


Variable 

Variable 

code 

name 

1 

Agency 

2 

Region 

3 

Administering  National 

Forest 

4 

District 

5 

Reporting  National  Forest 

6 

Jurisdiction  at  origin 

7 

State 

8 

County 

9 

Watershed 

10 

Supervisor's  fire  number 

11 

Year  of  origin 

12 

Month  of  origin 

Variable  value  code 
and  unit  of  measure 


1  =  USDA  Forest  Service 
1  =  R1,  2  =  R2,  ...,  0  =  R10 
Coded;  consult  FSH  5109-141 

Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 

70  =  1970,  81  =1981 
1=Jan,  2  =  Feb,  ...,  12  =  Dec 


(con.) 


Table  2.  (con. 


Variable 
code 


Variable 
name 


Variable  value  code 
and  unit  of  measure 


\ 


13  Date  of  origin 

14  Day  of  week  of  origin 

15  Statistical  cause 

16  General  cause 

17  Specific  cause 

18  Fire  size  class 

19  Acres  burned 

20  People  who  started  fire 

21  Hour  of  fire  origin 

22  Total  hours  to  control 

23  Max.  suppression  personnel 

24  Slope  class 

25  Aspect  class 

26  Elevation  class 

27  Topography  class 

28  Cover  type  at  origin 

29  Fuel  type  at  origin 

30  Fuel  type  prevailing 

31  State  of  the  weather 

32  Tennperature 

33  Relative  humidity 

34  Wind  direction 

35  Wind  speed 

36  Maxinnum  temperature 

37  Minimum  temperature 

38  Maximum  relative  humidity 

39  Minimum  relative  humidity 

40  Precipitation  duration 

41  Precipitation  trace 

42  Precipitation  amount 

43  Lightning  activity  level 

44  Man-caused  risk 

45  1-hour  fuel  moisture 

46  10-hour  fuel  moisture 

47  100-hour  fuel  moisture 

48  1000-hour  fuel  moisture 

49  Live  woody  fuel  moisture 

50  Live  herbaceous  fuel  moisture 

51  Ignition  component 

52  Spread  component 

53  Energy  release  component 

54  Person-caused  occurrence 
index 

55  Lightning  occurrence  index 

56  Burning  index 

57  Fire  load  index 

58  Manning  level  variable  1 

59  Manning  level  variable  2 

60  Manning  level  variable  3 


0101  =Jan  1,  0615  =  Jun  15,  1231  =Dec  31 
1  =Sun,  2  =  Mon,  ...,  7  =  Sat 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 

1=A,  2  =  B 7  =  G 

Actual  value;  nearest  whole  acre 
Coded;  consult  FSH  5109-14 
Nearest  hour,  24-hour  clock 
Actual  value;  nearest  whole  hour 
Actual  number 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 

Coded;  consult  FSH  5109.14 

Actual  value;  nearest  whole  °F 

Actual  value;  nearest  whole  percent 

Coded;  consult  Deeming  and  others 

(1977) 

Actual  value;  nearest  whole  mile 

per  hour 

Actual  value;  nearest  whole  °F 

Actual  value;  nearest  whole  °F 

Actual  value;  nearest  whole  percent 

Actual  value;  nearest  whole  percent 

Actual  value;  nearest  whole  hour 

1  =  trace,  O=none 

Actual  value;  nearest  hundreth  of 

an  inch 

Coded 

Actual  value 

Actual  value 

Actual  value 

Actual  value 

Actual  value 

Actual  value 

Actual  value 

Actual  value 

Actual  value 

Actual  value 

Actual  value 

Actual  value 
Actual  value 
Actual  value 


nearest  hundreth 
nearest  tenth  percent 
nearest  tenth  percent 
nearest  tenth  percent 
nearest  tenth  percent 
nearest  whole  percent 
nearest  whole  percent 


Coded 
Coded 
Coded 


user  defined 
user  defined 
user  defined 


^USDA  Forest  Service,  Individual  Fire  Report  Handbook,  Form  5100-29. 


Program  RXBUILD 

The  input  requirements  of  program  RXBUILD  include 
all  the  parameters  to  (1)  select  Districts  and  years  of  fire 
reports  from  the  NFODL,  (2)  to  select  AFFIRMS  sta- 
tions and  years  of  weather  observations  from  the 
NFWDL,  (3)  to  derive  NFDRS  indices  using  the 
FIREFAMILY.FIRDATl  processor,  and  (4)  to  define 
manning  class  variables. 

RXBUILD  INPUT  WORKSHEET 

The  five  RXBUILD  worksheets  facilitate  the  organiza- 
tion and  proper  entry  of  the  variety  of  inputs  required. 
All  worksheet  input  items  have  a  reference  number  cor- 
responding to  the  following  instructions.  Worksheets 
suitable  for  reproduction  are  included  in  appendix  A. 

Use  of  the  input  worksheets  is  essential  for  two 
reasons.  First,  it  ensures  that  all  the  necessary  inputs 
have  been  properly  considered  and  entered  onto  the 
form  before  accessing  the  computer.  Second,  the 
worksheets  are  the  source  documents  from  which  data 
are  entered  onto  a  DEMAND  terminal.  Progr£im 
RXBUILD  prompts  the  terminal  operator  for  inputs  us- 
ing worksheet  facsimiles. 

Examples  of  properly  completed  RXBUILD  input 
worksheets  are  included  with  the  instructions  that 
follow.  These  examples  demonstrate  all  program 
RXBUILD  options.  In  the  examples,  data  files  for  the 
Cabinet  Wilderness  Fire  Management  Area,  Kootenai 
National  Forest,  are  requested.  The  fire  management 
area  includes  portions  of  the  Cabinet,  Libby,  and  Troy 
Ranger  Districts.  Unlike  Libby  and  Troy,  the  Cabinet 
District  does  not  have  a  long  AFFIRMS  weather  record 
and  must,  consequently,  use  data  from  the  Libby 
weather  station. 

INSTRUCTIONS  FOR  COMPLETING  RXBUILD  IN- 
PUT WORKSHEETS 

There  is  one  overriding  rule  for  input  entry: 
ALL  NUMERIC  ENTRIES  MUST  INCLUDE  A 
DECIMAL  POINT! 

In  the  case  of  whole  numbers,  the  decimal  point  must  be 
appended.  For  example,  the  number  "twelve"  must  be 
entered  as  "12.". 

The  five  separate  input  worksheets  must  be  organized 
in  the  following  mtmner  for  entry  on  a  computer 
terminal: 

Sheet  No.  1  -  Run  Identification  (required) 
Sheet  No.  2  -  AFFIRMS  Station  No.  1  Parameters 
(required) 
Sheet  No.  3  -  Manning  Variables  for  AFFIRMS  Sta- 
tion No.  1  (optional) 
Sheet  No.  2  -  AFFIRMS  Station  No.  2  Parameters 

(optional) 
Sheet  No.  3  -  Manning  Variables  for  AFFIRMS  Sta- 
tion No.  2  (optional) 


Sheet  No.  4  -  Date  Parameters  (required) 
Sheet  No.  5  -  District  No.  1  P£u-£mieters  (required) 
Sheet  No.  5  -  District  No.  2  Parameters  (optional) 


etc. 


Sheet  No.  5  -  District  No.  10  Parameters  (optioned) 

Sheet  No.  1— Run  Identification 

One  sheet  No.  1  is  completed  for  each  RXBUILD  run. 
Item  numbers  below  correspond  to  item  numbers  on 
RXBUILD  input  worksheet  No.  1  (see  exhibit  la  for 
example). 

1.  TITLE. 

Enter  any  information  identifying  the  fire  manage- 
ment area.  You  may  use  up  to  80  letters,  numbers,  or 
special  characters. 

2.  USER  NAME. 

Enter  your  name  or  any  other  identifying  information. 
You  may  use  up  to  80  letters,  numbers,  or  special 
characters. 

3.  REGION  NAME  OR  NUMBER. 

Enter  the  Region  name,  number,  or  any  other  identi- 
fying information.  You  may  use  up  to  80  letters, 
numbers,  or  special  characters. 

4.  FOREST  NAME. 

Enter  the  Forest  name  or  any  other  identifying  infor- 
mation. You  may  use  up  to  80  letters,  numbers,  or 
special  characters. 

5.  FOREST  ADP  CODE. 

Enter  the  1-  or  2-digit  Forest  ADP  code  used  on  the 
5100-29  individual  fire  reports.  (Remember  the 
decimal  point.)  Refer  to  the  Regional  supplement  to 
FSH  5109.14,  Individual  Fire  Report  Handbook  for 
appropriate  Forest  codes. 

6.  NUMBER  OF  AFFIRMS  WEATHER  STATIONS. 
Enter  the  number  of  individual  AFFIRMS  stations  to 
be  used.  (Remember  the  decimal  point.)  In  the  exam- 
ple in  exhibit  la,  only  two  stations  are  requested  for 
the  three  Districts  because  the  Cabinet  District 
shares  the  Libby  District's  AFFIRMS  station. 

List  the  AFFIRMS  stations  to  be  used  (2  in  the  ex- 
ample) by  name  and  nimiber  in  the  spaces  provided. 
List  in  order  of  increasing  station  number;  the 
smallest  number  first,  the  largest  last.  Now  complete 
the  sequence  number  (6..)  at  the  left  for  the  stations 
listed.  Add  a  "1"  (6.1.)  for  the  first  station  in  the  list, 
a  "2"  (6.2.)  for  the  second,  and  so  forth.  This  is  for 
documentation  and  for  aiding  proper  entry  on  work 
sheets  No.  2  and  No.  3. 


etc. 


Sheet  No.  2  -  AFFIRMS  Station  No.  10  Parameters 

(optional) 
Sheet  No.  3  -  Manning  Variables  for  AFFIRMS 

Station  No.  10  (optional) 


Date  ^   *^  RXBUILD  INPUT  WORKSHEET 

SHEET  NO.  1  —  RUN  IDENTIFICATION 


1.    TITLE.  (Enter  1  to  80  characters.) 


2.    USER  NAME.   (Enter  1  to  80  characters.) 


3.    REGION  NAME  OR  NUMBER.   (Enter  1  to  80  characters.) 


4.  FOREST  NAME.   (Enter  1  to  80  characters.) 

Hogtea/ai      A/.f. 

5.  FOREST  ADP  CODE. 


1±^ 


6.    NUMBER  OF  AFFIRMS  WEATHER  STATIONS  TO  BE  USED 

IN  THIS  RUN.-  '  ^_f 

List  of  AFFIRMS  stations  to  be  used.   List  in  order  of  increasing 

station  number  -  smallest  number  first,  largest  number  last. 

6  i     g/6  Swei>e.  ji*^oif(> 

6. .  

6. .  

6. .  

6.   . 


—  Complete  a  separate  Sheet  No.  2  for  each  of  the  AFFIRMS  stations 
listed  in  Item  No.  6  above. 

Page       /      of      / 
Exhibit  1a.— Sample  RXBUiLD  Input  Worl(sheet  No.  1,  Run  Identification. 


Sheet  No.  2— AFFIRMS  Station  Parameters 
A  separate  sheet  No.  2  must  be  completed  for  each 

AFFIRMS  station  declared  in  item  6,  sheet  No.  1.  These 

sheets  must  be  arranged  in  order  of  increasing 

AFFIRMS  station  6-digit  ID  (smallest  ID  number  first, 

largest  ID  number  last).  Data  entries  are  usually  the 

same  as  for  daily  AFFIRMS  reporting  (see  exhibits  lb 

and  Id  for  samples). 

6 6-DIGIT  AFFIRMS  STATION  ID. 

Enter  the  6-digit  station  ID  as  in  daily 
AFFIRMS  reporting.  Remember  to  add  the 
trmling  decimal  point. 

6 1     AFFIRMS  STATION  NAME. 

Enter  the  station  name  as  in  daily  AFFIRMS 
reporting  or  FIREFAMILY.FIRDATl  input. 
You  may  use  up  to  20  letters,  numbers,  or 
special  characters. 

6 2     AFFIRMS  STATION  ELEVATION. 

Enter  the  station  elevation  (0.  through  12000. 
feet)  as  in  daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input.  Remember  to 
add  the  trailing  decimal  point. 

6 3     AFFIRMS  STATION  LATITUDE. 

Enter  the  station  latitude  to  the  nearest  whole 
degree  as  in  daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input.  Remember  to 
add  the  trailing  decimal  point. 

6 4     NFDRS  FUEL  MODEL. 

Enter  the  NFDRS  fuel  model  letter  (A  through 
U,  except  M)  as  described  by  Deeming  and 
others  (1977).  Select  the  same  fuel  model 
used  in  daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input,  or  one  that 
more  accurately  describes  the  fire  management 
area. 

6 5     NFDRS  SLOPE  CLASS. 

Enter  the  NFDRS  slope  class  (1.  through  5.) 
as  described  by  Deeming  and  others  (1977). 
Remember  to  add  the  trailing  decimal  point. 
Select  the  slope  class  used  in  daily  AFFIRMS 
reporting  or  FIREFAMILY.FIRDATl  input, 
or  one  that  more  accurately  describes  the  fire 
mginagement  area. 

6. 6     NFDRS  HERBACEOUS  TYPE. 

Enter  the  NFDRS  herbaceous  type  ("P"  for 
perennial  or  "A"  for  annual)  as  described  by 
Deeming  and  others  (1977).  Select  the  letter 
used  in  daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input. 

6 7     NFDRS  CLIMATE  CLASS. 

Enter  the  NFDRS  climate  class  (1.  through  4.) 
as  described  by  Deeming  2ind  others 
(1977).  Select  the  climate  class  used  in 
daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input.  Remember  to 
add  the  decimal  point. 


6.. 


6._ 


.8     NFDRS  GREENUP  DATE. 

Enter  the  month  and  day  of  yearly  greenup. 
Use  two  digits  for  the  month  and  two  digits 
for  the  day.  For  example.  May  15  would  be 
entered  as  "0515."  and  June  1  would  be 
entered  as  "0601.".  Note  that  the  decimal 
point  is  added.  Select  the  greenup  date 
used  in  daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input. 

.9     NFDRS  FIRST  FREEZE  DATE. 

Enter  the  month  and  day  of  the  first  annual 
freeze.  Use  two  digits  for  the  month  and  two 
digits  for  the  day.  For  example,  September  15 
would  be  entered  as  "0915."  and  October  1 
would  be  entered  as  "1001.".  Note  that  the 
decimal  point  is  added.  Select  the  first  freeze 
date  used  in  daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input. 

.10  NFDRS  WEEKDAY  MAN  RISK  FACTOR. 
Enter  the  NFDRS  weekday  man  risk  factor 
(0.  through  100.)  as  described  by  Deeming 
and  others  (1977).  Select  the  value  used  in 
daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input.  Remember 
the  decimal  point. 

.11  NFDRS  WEEKEND  MAN  RISK  FACTOR. 
Enter  the  NFDRS  weekend  man  risk  factor 
(0.  through  100.)  as  described  by  Deeming 
and  others  (1977).  Select  the  value  used  in 
daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input.  Remember 
the  decimal  point. 

.12  NFDRS  LIGHTNING  SCALING  FACTOR. 
Enter  the  NFDRS  lightning  scaling  factor 
(0.  through  100.)  as  described  by  Deeming 
£ind  others  (1977).  Select  the  value  used  in 
daily  AFFIRMS  reporting  or 
FIREFAMILY.FIRDATl  input.  Remember 
the  decimal  point. 

.13  NUMBER  OF  MANNING  VARIABLES. 
Enter  the  number  of  manning  variables  (0.  to 
3.)  to  be  derived  from  AFFIRMS  station 
weather  observations  or  NFDRS  indices.  Use 
this  option  if  manning  level  is  a  potential  test 
parameter  for  unscheduled  prescribed  fires. 
Remember  to  add  the  decim^ll  point. 


Date  S"  OcL  RXBUILD  INPUT  WORKSHEET 

SHEET  NO.  2  ~  AFFIRMS  STATION  PARAMETERS 

6.jf_.  6-DIGIT  AFFIRMS  STATION  ID.  ^  ^^     I     J_<^    • 

6._L.  1  AFFIRMS  STATION  NAME.-^        TJ^QY    Rh     ftFFlRlAS 

6._/_.2  AFFIRMS  STATION  ELEVATION.  L  ^'^  Q-    • 

6._j_.3  AFFIRMS  STATION  LATITUDE.  ^  S-    * 

6._/_.4  NFDRS  FUEL  MODEL.  ^ 

6.J'_.5  NFDRS  SLOPE  CLASS.  ^    , 

6._/_.6  NFDRS  HERBACEOUS  TYPE.  P 

6.J_.1  NFDRS  CLIMATE  CLASS.  ^^    , 

6.J_.8  NFDRS  GREENUP  DATE.  ^    0    I      ' 

6._|_.9  NFDRS  FIRST  FREEZE  DATE.  5.  jL  !^_L 

6._»_.  10  NFDRS  WEEKDAY  MAN  RISK  FACTOR.  /  » 

6.J_.  11  NFDRS  WEEKEND  MAN  RISK  FACTOR.  _/__-_ 

6._/_.  12  NFDRS  LIGHTNING  SCALING  FACTOR.  / |_ 

6.  /.1 3  NUMBER  OF  MANNING  VARIABLES.-  ol.     . 


—  20  characters  maximum. 

2/ 

—  Complete  Sheet  No.  3  if  Item  No.  6. .13  is  greater  than  0.   A 

separate  Sheet  No.  3  must  be  completed  for  each  AFFIRMS  station 
indicated  in  Item  6,  Sheet  No.  1. 
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Exhibit  1b.— Sample  RXBUILD  Input  Worksheet  No.  2,  AFFIRMS  Station 
Parameters,  for  first  AFFIRMS  station  to  be  used  in  this  run  (AFFIRMS 
station  with  smallest  ID  number). 


Sheet  No.  3— Manning  Variable  Parameters 

Sheet  No.  3  must  be  completed  for  each  AFFIRMS 
station  for  which  manning  variables  are  to  be  derived 
(see  exhibits  Ic  and  le  for  samples).  If  no  mainning 
variables  are  requested,  sheet  No.  3  is  not  used.  The 
completed  sheet  must  be  appended  to  its  corresponding 
AFFIRMS  station  sheet  No.  2  (see  exhibits  lb  and  Id 
for  samples). 

6 13 1  BASE  VARIABLE  FOR  MANNING 

LEVEL. 

Enter  the  2-digit  code  (31.  through  57.) 
of  the  vairiable  from  which  manning 
level  is  derived  (table  2).  Select  any  of 
the  weather  observation  variables  (31. 
through  50.)  or  NFDRS  indices  (51. 
through  57.).  Select  the  variable  used  in 
daily  AFFIRMS  reporting.  Remember 
the  decimal  point. 

6 13 .2  NO.  OF  MANNING  LEVEL 

CLASSES. 

Enter  the  number  of  classes  (4.  through 
10.)  to  be  defined  and  add  the  decimal 
point.  Select  the  same  number  used  in 
daily  AFFIRMS  reporting.  RXBUILD 
will  establish  class  boundaries  as  per 
Helfman  £uid  others  (1980).  Class  1  is 
always  reserved  for  zero  values.  The  re- 
maining classes  will  be  the  same  as 
those  in  AFFIRMS  output. 

6 13 .3  90th  PERCENTILE  VALUE  OF  BASE 

VARIABLE. 

Enter  the  90th  percentile  value 
of  the  base  variable  used  in  daily 
AFFIRMS  reporting  or  from 
FIREFAMILY.FIRDATl  output. 
Remember  to  add  the  decimal  point. 

6 13 4  97th  PERCENTILE  VALUE  OF  BASE 

VARIABLE. 

Enter  the  97th  percentile  value 
of  the  base  variable  used  in  daily 
AFFIRMS  reporting  or  from 
FIREFAMILY.FIRDATl  output. 
Remember  to  add  the  decimal  point. 
In  the  example  (exhibit  Ic),  two  manning  variables  are 
defined.  The  first  manning  variable  is  computed  from 
the  NFDRS  Energy  Release  Component  (variable  53, 
table  2).  The  second  manning  variable  is  derived  from 
the  NFDRS  Burning  Index  (variable  56,  table  2). 
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Date  K^     {/^  RXBUILD  INPUT  WORKSHEET 

SHEET  NO.  3  —  RUN  IDENTIFICATION 
AFFIRMS  STATION  NO.  ^  J_   0^  j_  J_  2-^ 

MANNING  VARIABLE  NO.  1 
6. _f_.  13.1.1     BASE  VARIABLE  FOR  MANNING  LEVEL.  »5^3  * 

6. _|_.  13.1.2    NO.  OF,  MANNING  LEVEL  CLASSES.  ^^ 

6._|_-13.1.3     90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.  fe  qC  * 

6._|_.13.1.4     97th  PERCENTILE  VALUE  OF  BASE  VARIABLE.  (^1_J_ 


MANNING  VARIABLE  NO.  2 
6. _(_.  13.2.1     BASE  VARIABLE  FOR  MANNING  LEVEL. 
6. _|_.  13.2.2    NO.  OF  MANNING  LEVEL  CLASSES. 
6. __.  13.2.3     90th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 
6.'  .13.2.4     97th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 


MANNING  VARIABLE  NO.  3 

6. .13.3.1     BASE  VARIABLE  FOR  MANNING  LEVEL. 

6. .13.3.2    NO.  OF  MANNING  LEVEL  CLASSES. 

6. .13.3.3     90th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 

6.   .13.3.4     97th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 


Page 


3_o.7_ 


Exhibit  1c.— Sample  RXBUILD  Input  Worksheet  No.  3,  Manning  Variable 
Parameters,  for  first  AFFIRMS  station  to  be  used  in  this  run  (AFFIRMS 
station  with  smallest  ID  number). 
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Date  '^       ^ 


RXBUILD  INPUT  WORKSHEET 


SHEET  NO.  2  —  AFFIRMS  STATION  PARAMETERS 

6.^.  6-DIGIT  AFFIRMS  STATION  ID.  ^    7    O    /     j      (p  ♦ 

6.^.1  AFFIRMS  STATION  NAME.-         '3/(^   SU)B^   tTTN 

6._^.2  AFFIRMS  STATION  ELEVATION.  i^"!?.^—! 

6.^.3  AFFIRMS  STATION  LATITUDE.  ^  ^  ±_ 

6._^.4  NFDRS  FUEL  MODEL.  ^ 

6.2_.5  NFDRS  SLOPE  CLASS.  ,3    • 

6._2>.6  NFDRS  HERBACEOUS  TYPE.  _P 

6.^.7  NFDRS  CLIMATE  CLASS.  3  ♦ 

6.^.8  NFDRS  GREENUP  DATE.  Q^    C_  J_  j_ 

6._^.9  NFDRS  FIRST  FREEZE  DATE.     *  ^ J_-£^ -L- 

6.^.10  NFDRS  WEEKDAY  MAN  RISK  FACTOR.  | ,_ 

6,_«^.  11  NFDRS  WEEKEND  MAN  RISK  FACTOR.  |   « 

6.^.12  NFDRS  LIGHTNING  SCALING  FACTOR. \^  j_ 

6._^.  13  NUMBER  OF  MANNING  VARIABLES.-  ^  . 


—  20  characters  maximum. 

2/ 

—  Complete  Sheet  No.  3  if  Item  No.  6. .13  is  greater  than  0.   A 

separate  Sheet  No.  3  must  be  completed  for  each  AFFIRMS  station 
indicated  in  Item  6,  Sheet  No.  1. 


Page 
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Exhibit  1d.— Sample  RXBUILD  Input  Worksheet  No.  2,  AFFIRMS  Station 
Parameters,  for  second  AFFIRMS  station  to  be  used  in  this  run 
(AFFIRMS  station  with  largest  ID  number). 
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Date  J  "g^,  RXBUILD  INPUT  WORKSHEET 

SHEET  NO.  3  —  RUN  IDENTIFICATION 
AFFIRMS  STATION  NO.  ^J_0_j_i_^ 

MANNING  VARIABLE  NO.  1 

6._^.13.1.1     BASE  VARIABLE  FOR  MANNING  LEVEL.  Qq  * 

6.  J». 13.1.2    NO.  OF  MANNING  LEVEL  CLASSES.  ^ J_ 

6. _^.  13.1.3     90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       6  2.  _1_ 

6.^.13.1.4     97th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       J  i      • 

MANNING  VARIABLE  NO.  2 

6.^.13.2.1     BASE  VARIABLE  FOR  MANNING  LEVEL.  _^1*  _!. 

6.^.13.2.2    NO.  OF  MANNING  LEVEL  CLASSES.  ^^!_ 

6.J^.13.2.3     90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       ^  3.  _!_ 

6.^^.13.2.4     97th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       W  SL  ^ 

MANNING  VARIABLE  NO.  3 

6. .13.3.1     BASE  VARIABLE  FOR  MANNING  LEVEL.  

6. .13.3.2    NO.  OF  MANNING  LEVEL  CLASSES.  

6. .13.3.3     90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       

6.   .13.3.4     97th  PERCENTILE  VALUE  OF  BASE  VARIABLE.  


Page 


^of? 


Exhibit  1e.— Sample  RXBUILD  Input  Worksheet  No.  3,  Manning  Variable 
Parameters,  for  second  AFFIRMS  station  to  be  used  in  this  run 
(AFFIRMS  station  with  largest  ID  number). 
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Sheet  No.  4— Date  Pzirameters 

One  sheet  No.  4  must  be  completed  for  every 
RXBUILD  run.  It  must  follow  the  last  sheet  No.  3  (if 
used)  defining  manning  variables  for  the  last  AFFIRMS 
station  (see  exhibit  If  for  sample). 

7.  BEGINNING  YEAR. 

Enter  the  first  year  of  fire  reports  and  weather  data 
to  be  processed.  Enter  only  the  last  two  digits  of  the 
year  and  add  the  decimal  point.  For  example,  enter 
1970  as  "70.".  Fire  reports  and  weather  observations 
preceding  this  year  will  not  be  processed.  Consult 
the  NFODL  and  NFWDL  for  the  years  of  data 
available  for  specific  forests  and  AFFIRMS  stations. 

8.  ENDING  YEAR. 

Enter  the  last  year  of  fire  reports  and  weather  data 
to  be  processed.  Enter  only  the  last  two  digits  of  the 
year  and  add  the  decimal  point.  For  example,  enter 
1980  as  "80.".  Fire  reports  and  weather  observations 
after  this  year  will  not  be  processed.  Consult  the 
NFODL  and  NFWDL  for  the  most  recent  years  of 
data  available  for  specific  forests  and  AFFIRMS 
stations. 

9.  BEGINNING  SEASON  DATE. 

Enter  the  first  month  and  day  of  fire  report  and 
weather  observation  data  to  be  processed  for  each 
year.  Use  two  digits  for  the  month  and  two  digits 
for  the  day  and  add  the  decimal  point.  For  example, 
enter  January  1  as  "0101.".  Fire  reports  and 
weather  observations  preceding  this  date  each  year 
will  not  be  processed.  Use  January  1  if  you  wish  to 
process  the  entire  year's  data. 

10.  ENDING  SEASON  DATE. 

Enter  the  last  month  and  day  of  fire  report  and 
weather  observation  data  to  be  processed  for  each 
year.  Use  two  digits  for  the  month  and  two  digits 
for  the  day  and  add  the  decimal  point.  For  example, 
enter  December  31  as  "1231.".  Fire  reports  and 
weather  observations  after  this  date  each  year  will 
not  be  processed.  RXBUILD  can  therefore  be  used 
to  build  data  files  for  a  specific  season.  Use 
December  31  if  you  wish  to  process  the  entire  year's 
data. 

11.  NFWDL  FILE  NAME. 

RXBUILD  obtains  fire  weather  observations  from 
the  NFWDL  archives.  The  name  of  the  tape  file  con- 
taining observations  for  the  first  ye£ir  of  the  lowest 
numbered  AFFIRMS  station  must  be  supplied  by 
the  user.  The  procedure  for  obtaining  the  tape  file 
name  is  described  by  Furman  and  Brink  (1975)  and 
for  completeness  is  included  in  "Part  2— Computer 
Terminal  Operator's  Manual."  You  may  wish  to 
leave  this  item  blank  for  the  terminal  operator  to 
determine.  The  entry  must  be  terminated  by  a 
period. 

12.  NUMBER  OF  DISTRICTS. 

Enter  the  number  of  Ranger  Districts  for  which  fire 
reports  are  to  be  processed.  At  least  1  and  up  to  10 
Districts  may  be  requested.  Remember  to  add  the 
decimal  point. 


13. 


14. 


FIRE  REPORT  LISTING. 

Enter  "YES  "  if  you  want  a  listing  of  the  processed 
fire  reports;  otherwise  leave  blank.  The  listing  con- 
tains fire  variables  1  through  30  (table  2)  for  each 
fire.  Fifty  fire  reports  are  printed  per  page. 
WEATHER  DATA  FILE  LISTING. 
Enter  "YES"  if  you  want  a  listing  of  the  processed 
daily  AFFIRMS  weather  observations.  NFDRS  in- 
dices, and  manning  levels;  otherwise  leave  bleuik. 
The  listing  contEiins  V2iriables  31  through  60  (table  2) 
for  each  daily  observation  at  each  AFFIRMS  sta- 
tion. Fifty  daily  records  are  printed  per  page. 


14 


)nte    <.•  ^Oc^ 


Dnte    *>^       C^g^  RXIiniLI)    INl'DT    W()RKSI1I;i:T 


SHEET   NO.    A    --    DATE    PARA^^IETERS 


7,      BEGINNING   YEAR.  "7   O    • 


8.  ENDING  YEAR. 

9.  BEGINNING  SEASON  DATE. 


8ai_ 

10.  ENDING  SEASON  DATE.  JL  9^  S    J_   ' 

11.  NFWDL  FILE  NAME.  ^  JLz^Q^  ^  ' 

12.  NUMBER  OF  DISTRICTS.-'  ^    , 

13.  FIRE  REPORT  LISTING?  ^£.3 

14.  WEATHER  DATA  FILE  LISTING?  Y^  £_  S 


—  Information  on  each  District  indicated  here  included  on  n  Sheet  No. 


5,  District  Parameters. 

Page  (^      of  / 

Exhibit  1f.— Sample  RXBUILD  Input  Worksheet  No.  4,  Date  Parameters. 
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Sheet  No.  5— District  Parameters 

Sheet  No.  5  must  be  completed  for  each  Ranger 
District  declared  in  item  12,  sheet  No.  4  (see  exhibit  Ig 
for  sample).  It  must  immediately  follow  the  date 
parEuneter  sheet  (sheet  No.  4).  Parsuneters  for  up  to 
three  Districts  may  be  entered  on  a  single  sheet  No.  5 
(use  as  many  sheet  No.  5's  as  necessary  to  include  infor- 
mation on  all  Districts  indicated  in  item  12,  sheet  No.  4). 

12 1  DISTRICT  NAME. 

Enter  up  to  20  letters,  numbers,  or  special 
characters  identifying  the  Ranger  District. 

12 2  DISTRICT  ADP  CODE. 

Enter  the  1-  or  2-digit  District  ADP  code  used 
in  5100-29  individual  fire  reports.  Consult  the 
Regional  supplement  to  FSH  5109.14. 
Remember  to  add  the  decimal  point. 

12 3  DISTRICT  AFFIRMS  STATION. 

Enter  the  sequence  number  (not  the  6-digit  ID) 
of  the  AFFIRMS  station  representing  this 
District.  The  AFFIRMS  stations  are  sequen- 
tially numbered  from  1  through  10  in  order  of 
increasing  6-digit  ID  (the  same  order  as  listed 
on  Sheet  No.  1).  In  exhibit  Ig,  the  Troy 
District  uses  AFFIRMS  station  number  "1." 
(240112),  the  Libby  and  Cabinet  District  use 
AFFIRMS  station  number  "2."  (240116). 
Remember  to  add  the  decimal  point. 
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3-82. 


Date  s^   C^*-  RXBUILD  INPUT  WORKSHEET 


SHEET  NO.  5  —  DISTRICT  PARAMETERS 


DISTRICT  NO 
12.1.1     DISTRICT  NAME. 


TZoy   d¥ 


12.1.2  DISTRICT  ADP  CODE. 

12.1.3  DISTRICT  AFFIRMS  STATION. (jf^Oy '  2^1^^/2J 

DISTRICT  NO.  gy. 
12.2.1     DISTRICT  NAME.    LlOR/ Qo 


12.2.2  DISTRICT  ADP  CODE. 

12.2.3  DISTRICT  AFFIRMS  STATION 


jC^6SHeK'2^0i/t) 


DISTRICT  NO.  %^ 
12.3.1     DISTRICT  NAME.  C-AIB/A/^^^        J^7 


12.3.2    DISTRICT  ADP  CODE. 


-7^ 

12.3.3    DISTRICT  AFFIRMS  STATION. C^/6  ^W^Af-2.y^//^    _^  _^ 


Page 


Zo._Z 


Exhibit  1g.— Sample  RXBUILD  Input  Worksheet  No.  5,  District 
Parameters.  Sheet  No.  5  must  contain  information  about  each  Ranger 
District  indicated  in  item  12,  sheet  No.  4. 
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II 

ENTERING  RXBUILD  INPUT  cl 

RXBUILD  worksheet  items  are  put  in  the  computer  ^j 

using  the  DEMAND  interactive  program  '     ! 

CSSG*R1LIB. RXBUILD.  The  program  prompts  the  ter  "" 

minal  operator  for  each  worksheet  item,  checks  each  en-  *" 
try  for  value  range  and  decimal  point,  and  writes  it  to 
an  RXBUILD  directive  file.  After  successfully  entering 

all  worksheet  items,  the  directive  file  can  be  @ADD'ed  j    ^j 

at  any  time  to  initiate  program  execution.  Details  of  ' 

RXBUILD  input  entry,  initiation,  and  file  mainteneince  t 
are  contained  in  "Part  2— Computer  Terminal  Operator's 
Manual"  (Bevins  and  Fischer  1983). 

RXBUILD  OUTPUT 

Several  pages  of  preliminary  materisil  will  precede  the 
RXBUILD  computer  output.  This  material  includes: 

1.  UNIVAC  1100  job  banner;  1  page. 

2.  EXEC  8  control  statements;  1  page. 

3.  Program  FIREDATALIB*PR0GRAMS.GETDATA2 
output;  1  to  2  pages. 

4.  Program  NFDR78*FIREFAMILY.FIRDAT1  out- 
put; 1  title  page  per  AFFIRMS  station  plus  1  "Sum- 
mary of  Station  Statistics"  page  for  each  station-year. 

5.  EXEC  8  control  statement  for 
CSSG*R1LIB. RXBUILD;  1  page. 

Output  printed  by  RXBUILD  includes: 

1.  RXBUILD  banner;  1  page. 

2.  RXBUILD  cover;  1  page. 

3.  Echo  of  RXBUILD  input  file  (exhibit  2)  created  by 
CSSG*R1LIB.RXBUILD  DEMAND  data  entry;  1  page 
plus  1  additional  page  per  AFFIRMS  station. 

If  the  option  to  print  the  fire  report  file  has  been 
selected,  additional  output  includes: 

4.  Table  of  fire  variable  codes,  column  headings, 
descriptions,  and  units  of  measure;  1  page. 

5.  Fire  report  Usting  (exhibit  3);  1  page  per  50  fire 
reports. 

If  the  option  to  print  the  weather  observation/NFDRS 
index  file  has  been  selected,  additional  output  includes: 

6.  Table  of  weather  observation  emd  NFDRS  index 
variable  codes,  column  headings,  descriptions,  and  units 
of  measure;  1  page. 

7.  Dmly  fire  weather  observation/NFDRS  index  listing 
(exhibit  4);  1  page  per  50  daily  observations. 
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INPUT  STREAM  FOR  RXBUILD 

1.  TITLE. 

CABINET  WILDERNESS  AREA  FIRE  MANAGEMENT  PLAN 

2.  USER  NAME. 
COLLIN  0.  BEVINS 

3.  REGION  NAME  OR  NUMBER. 
NORTHERN  REGION 

1*.   FOREST  NAME. 
KOOTENAI  NATIONAL  FOREST 

5.  FOREST  ADP  CODE. 

6.  NUMBER  OF  AFFIRMS  WEATHER  STATIONS, 
2 

(,,    1.   AFFIRMS  STATION  NO.   1    6-DIGIT  ID. 

6.  1.1.  AFFIRMS  STATION  NAME. 
TPOY  AFFIRMS 

6.  1.2.  AFFIRMS  STATION  ELEVATION. 

1950 

6.  1.3.  AFFIRMS  STATION  LATITUDE, 

48 

6.  1.14.  NFDRS  FUEL  MODEL. 


6.  2.5.   NFDRS  SLOPE  CLASS. 

3 
6.  2.6.   NFDRS  HERBACEOUS  TYPE. 

6.  2.7.   NFDRS  CLIMATE  CLASS. 

3 
6.  2.8.   NFDRS  GREENUP  DATE. 

601 
6.  2.9.   NFDRS  FIRST  FREEZE  DATE. 

915 
6.  2.10.   NFDRS  WEEKDAY  MAN  RISK  FACTOR. 

100 
6.  2.11.   NFDRS  WEEKEND  MAN  RISK  FACTOR. 

100 
6.  2.12.   NFDRS  LIGHTNING  SCALING  FACTOR. 

1.00 
6.  2.13.   NO.  MANNING  VARIABLES. 

2 
6.  2.13.1.1.   BASE  VARIABLE  FOR  MANNING  VARIABLE  NO.  58. 

53 
6.  2.13,1.2.   NO.  CLASSES  OF  MANNING  VARIABLE  NO.  58. 


NFDRS  CLIMATE  CLASS. 
NFDRS  GREENUP  DATE. 


6.  1.5.   NFDRS  SLOPE  CLASS. 

3 
6.  1.6.   NFDRS  HERBACEOUS  TYPE, 
P 
6,  1.7. 

3 
6.  1.8. 

601 
6.  1.9.   NFDRS  FIRST  FREEZE  DATE. 

915 
6.  1.10.   NFDRS  WEEKDAY  MAN  RISK  FACTOR. 

100 
6.  1.11.   NFDRS  WEEKEND  MAN  RISK  FACTOR, 

100 
6.  1.12.   NFDRS  LIGHTNING  SCALING  FACTOR. 

1.00 
6.  1.13.   NO.  MANNING  VARIABLES. 

2 
6.  1.13.1.1.   BASE  VARIABLE  FOR  MANNING  VARIABLE  NO.  58. 

53 
6.  1.13.1.2.   NO.  CLASSES  OF  MANNING  VARIABLE  NO.  58. 

5 
6.  1.13.1.3.   90TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO,  53. 

62 
6.  1.13.1.3.   97TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  53. 

69 
6.  1.13.2.1. 

56 
6.  1.13.2.2. 

5 
6.  1.13.2.3, 

59 
6,  1.13,2,3,   97TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO,  56, 

68 
6,  2.   AFFIRKS  STATION  NO.   2 
240116 

6.  2.1,   AFFIRMS  STATION  NAME. 
BIG  SWEDE  MTN. 
6.  2.2.   AFFIRMS  STATION  ELEVATION, 

"♦336 
6.  2.3,   AFFIRMS  STATION  LATITUDE. 

48 
6.  2.4.   NFDRS  FUEL  MODEL. 


BASE  VARIABLE  FOR  MANNING  VARIABLE  NO.  59. 

NO.  CLASSES  OF  MANNING  VARIABLE  NO.  59. 

90TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  56. 


6-DlGIT  ID. 


6.  2,13,1,3.   90TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  53, 

62 
6,  2.13.1,3.   97TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  53. 

69 
6.  2.13.2.1.   BASE  VARIABLE  FOR  MANNING  VARIABLE  MO.  59. 

56 
6.  2.13.2.2.   NO.  CLASSES  OF  MANNING  VARIABLE  NO.  59. 

5 
6,  2,13,2,3,   90TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO,  56, 

59 

6.  2.13.2.3.   97TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  56. 
68 

7.  BEGINNING  YEAR. 
70 

8.  ENDING  YEAR. 
80 

9.  BEGINNING  SEASON  DATA. 
101 

10.  ENDING  SEASON  DATE. 
1231 

11.  NFWDL  FILE  NAME  CONTAINING  24011270. 
21-24, 

12.  NUMBER  OF  DISTRICTS, 
3 

DISTRICT  NAME. 


12.  1.1. 
TROY  D4 
12.  1.2. 


DISTRICT  ADP  CODE. 


12.  1.3.   DISTRICT  AFFIRMS  STATION. 

1 
12.  2.1.   DISTRICT  NAME. 
LIBBY  D5 
12.  2.2.   DISTRICT  ADP  CODE. 


DISTRICT  AFFIRMS  STATION. 
DISTRICT  NAME. 


Exhibit  2.— Sample  RXBUILD  input  echo. 


12.  2.3 

2 
12.  3.1 

CABINET  D7 
12.  3.2.   DISTRICT  ADP  CODE. 
7 

12.  3.3.   DISTRICT  AFFIRMS  STATION 
2 

13.  FIRE  REPORT  FILE  LISTING. 
T 

14.  WEATHER  DATA  FILE  LISTING. 
T 
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Program  RXFIRES 

RXFIRES  INPUT 

The  input  requirements  to  program  RXFIRES  include 
run  identification,  fire  exclusion  criteria,  fire  suppression 
criteria,  and  output  options.  A  set  of  RXFIRES 
worksheets  facilitate  organization,  documentation,  and 
proper  entry  of  the  required  inputs.  All  input  items  on 
the  worksheets  have  reference  numbers  corresponding  to 
the  following  instructions.  A  set  of  RXFIRES 
worksheets  suitable  for  reproduction  is  included  as  ap- 
pendix B. 

Properly  completed  RXFIRES  input  worksheets  ac- 
company the  instructions  that  follow.  These  sample 
worksheets  demonstrate  all  program  RXFIRES  options. 
The  example  is  a  continuation  of  the  Cabinet  Wilderness 
scenario  used -to  demonstrate  program  RXBUILD  input. 

RXFIRES  INPUT  WORKSHEET  INSTRUCTIONS 

There  is  one  overriding  rule  for  input  entry: 
ALL  NUMERIC  ENTRIES  MUST  INCLUDE  A 

DECIMAL  POINT! 

In  the  case  of  whole  numbers,  the  decimal  point  must  be 

appended.  For  example,  the  number  "twelve"  must  be 

entered  as  "12.". 
There  are  three  sepeu-ate  RXFIRES  input  worksheets: 
Sheet  No.  1  —  Run  Identification  and  Output  Level  (1 

per  run) 
Sheet  No.  2  —  Fire  Exclusion  Criteria  (as  needed) 
Sheet  No.  3  —  Fire  Suppression  Criteria  (as  needed) 


Sheet  No.  1— Run  Identification  and  Output  Level 

Refer  to  exhibit  5a  for  example  of  completed  sheet 
No.  1. 

1.  RUN  NAME. 

Enter  £my  information  desired  to  identify  the  test 
prescription  run.  You  may  use  up  to  80  letters, 
numbers,  or  special  characters. 

2.  USER  NAME. 

Enter  your  name  or  other  identifying  information. 
You  may  use  up  to  80  letters,  numbers,  or  special 
characters. 

3.  FIRE  EXCLUSION  CRITERIA. 
See  instruction  for  sheet  No.  2. 

4.  FIRE  SUPPRESSION  CRITERIA. 
See  instruction  for  sheet  No.  3. 

5.0UTPUT  LEVEL. 

Enter  level  L,  2.,  or  3.,  and  include  the  decimal  point. 

Level  1.  Print  yearly  summary  table  only. 

Level  2.  Print  yearly  summary  table  and  individual 
unscheduled  prescribed  fire  case  histories. 

Level  3.  Print  yearly  summary  table,  unscheduled 
prescribed  fire  case  histories,  and  daily  fire  load  sum- 
mary table. 

Enter  Items  5.1  and  5.2  only  if  output  level  2  or  3  is 
requested. 
Enter  Item  5.3  only  if  output  level  3  is  selected. 

5.1  INCHES  OF  PRECIPITATION. 

Enter  only  if  you  selected  output  levels  2.  or  3. 
Enter  the  inches  of  precipitation  in  a  24-hour  period 
required  to  extinguish  a  fire.  In  the  example  in  ex- 
hibit 5a,  0.45  inches  of  rain  was  selected. 

5.2  FIRE  CASE  HISTORY  VARIABLES. 

Enter  up  to  12  codes  of  variables  to  be  printed  in 
the  fire  case  histories.  Select  variable  codes  from 
table  2  and  include  the  decimal  point.  In  exhibit  6a, 
county  (variable  8.),  watershed  (variable  9.),  weekday 
(14.),  acres  burned  (19.),  hours  to  control  (22.),  max- 
imum number  of  suppression  personnel  (23.),  ignition 
component  (51.),  spread  component  (52.),  energy 
release  component  (53.),  and  burning  index  (56.)  will 
be  printed  for  each  unscheduled  prescribed  fire. 

5.3  FIRE  LOAD  SUMMARY  TABLE  DATES. 
Enter  the  first  and  last  dates  and  years  for  which 
daily  fire  loads  are  computed.  Selected  dates  do  not 
have  to  correspond  to  those  specified  for  RXBUILD 
input.  Caution:  selection  of  all  days  from  January  1 
through  December  31  will  result  in  a  high  percen- 
tage of  days  with  no  wildfires  and  no  prescribed 
fires.  In  the  example  in  exhibit  5a,  fire  load  will  be 
determined  for  all  years  (1970.  through  1980.)  during 
the  traditional  fire  season  only  (June  1  through 
September  20).  Enter  the  dates  using  two  digits  for 
the  month  and  two  digits  for  the  day,  and  add  the 
decimal  point.  For  example,  enter  June  1  as  "0601." 
and  September  20  as  "0920.". 
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Date   J   C/^  RXFIRES  INPUT  WORKSHEET 

SHEET  NO.  1  ~  RUN  IDENTIFICATION 

1.  RUN  NAME. 

2.  USER  NAME. 


Com  A/  "EaviA/s 


3.    EXCLUSION  CRITERIA.   (Use  Sheet  No.  2) 


4.    FIRE  SUPPRESSION  CRITERIA.  (Use  Sheet  No.  3) 


5.    OUTPUT  LEVEL. 


5.1   INCHES  OF  PRECIPITATION. 


5.2   FIRE  CASE  HISTORY  VARIABLES. 


3^ 


0  1.   0  2.   0  3.   0  4.   0  5.   0  6.   0  7.   0  8.   0  9.   1  0.   1  1.   1  2. 


B^l^l4^lL^2l^  ^'SL  SL 


5.3   FIRE  LOAD  SUMMARY  TABLE  DATES.  First   Last    First   Last 

MMDD.   MMDD.   YEAR.   YEAR. 


Page 
Exhibit  5a.— Sample  RXFIRES  Input  Worksheet  No.  1,  Run  Identification 
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Sheet  No.  2— Fire  Exclusion  Criteria 

Refer  to  exhibit  5b  for  example  of  completed  sheet  No. 
2.  The  fire  exclusion  criteria  apply  the  following  test  to 
each  fire  report: 

EXCLUDE  IF  VARIABLE  NO.  (code)  IS  (argument) 
(value).Only  Items  3.1  (VARIABLE  CODE),  3.2 
(ARITHMETIC  ARGUMENT),  and  3.3  (VARIABLE 
VALUE),  are  entered  into  the  computer.  Items  3.4 
(VARIABLE  NAME)  and  3.5  (VARIABLE  MEASURE) 
are  for  documentation  purposes  only  and  are  optional. 

3.1  VARIABLE  CODE. 

Enter  the  1-  or  2-digit  variable  code  (table  2)  for 
each  fire  exclusion  criterion.  Include  the  decimal 
point. 

3.2  ARITHMETIC  ARGUMENT. 

Enter  one  of  the  following  arithmetic  airguments: 
EQ  —  equals 
NE  —  does  not  equal 
LT  —  is  less  than 
LE  —  is  less  than  or  equal  to 
GT  —  is  greater  than 
GE  —  is  greater  than  or  equal  to 

3.3  VARIABLE  VALUE. 

Enter  the  value  of  the  variable  and  add  the  decimal 
point.  NOTE:  be  sure  to  use  the  correct  variable 
value.  Many  of  the  variables,  such  as  elevation,  use 
coded  rather  than  absolute  values.  To  exclude  fires 
below  4,500  feet  elevation,  for  example,  use: 
EXCLUDE  IF  26.  LT  4. 
and  not: 
EXCLUDE  IF  26.  LT  4500. 
You  must  also  exercise  caution  when  specifying 
units  of  measure.  Dead  fuel  moistures,  for  example, 
are  measured  in  lOths  of  a  percent,  and  not  whole 
percents.  To  exclude  fire  reports  when  10-hour  fuel 
moisture  is  above  20  percent,  use: 

EXCLUDE  IF  46.  GT  200. 

and  not: 
EXCLUDE  IF  46.  GT  20. 
The  latter  will  exclude  all  fires  when  10-hour  fuel 
moisture  is  greater  thein  2  percent.  Consult  table  2 
for  proper  variable  value  codes  and  units  of  measure. 

3.4  VARIABLE  NAME. 

For  documentation  purposes,  enter  the  variable 
name.  This  item  is  not  entered  in  program 
RXFIRES. 

3.5  VARIABLE  MEASURE. 

For  documentation  and  error-checking,  enter  the  ac- 
tual variable  value.  For  example,  to  document  use  of 
elevation  value  code  "4",  enter  "4500  feet"  as  the 
variable  measure  requested. 
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RXFIRES  INPUT  WORKSHEET 


SHEET  NO.  2  —  FIRE  EXCLUSION  CRITERIA 
EXCLUDE  FIRES  IF: 


3.1 
VARIABLE 
CODE 

A6_^ 


V  . 


-5* 


M. 


3.2 

ARITHMETIC 
ARGUMENT 


3.3 
VALUE  CODE 


Eiajjoe  Au^  Pismicrs^  usjccept 


3.4 
VARIABLE  NAME 


r>isntfcr 


CABiiyerci) 


3.5 
VARIABLE 
MEASURE 


Page 
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Exhibit  5b.— Sample  RXFIRES  Input  Worksheet  No.  2,  Fire  Exclusion  Criteria. 
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Sheet  No.  3— Fire  Suppression  Criteria 

Refer  to  exhibit  5c  for  example  of  completed  sheet  No. 
3.  The  fire  suppression  criteria  apply  the  following  test 
to  each  fire  report:  |Jf 

SUPPRESS  IF  VARIABLE  NO.  (code)  IS  (argument) 

(value)  THE  PREVIOUS  (n)  DAYS. 

Only  Items  4.1  (VARIABLE  CODE),  4.2 

(ARITHMETIC  ARGUMENT),  4.3  (VARIABLE 

VALUE),  and  4.4  (PREVIEWED  DAYS),  are  entered 

into  the  computer.  Items  4.5  (VARIABLE  NAME) 

and  4.6  (VARIABLE  MEASURE)  are  for  documenta- 
tion purpose  only  and  are  optional.  ^  \ 

4.1  VARIABLE  CODE. 

Enter  the  1-  or  2-digit  vEiriable  code  (table  2)  for 
each  suppression  criteria.  Include  the  decimal  point. 

4.2  ARITHMETIC  ARGUMENT. 

Enter  one  of  the  following  arithmetic  arguments:  ' 

EQ  —  equals 
NE  —  does  not  equal 


LT  —  is  less  than 

LE  —  is  less  than  or  equal  to 

GT  —  is  greater  than 

GE  —  is  greater  than  or  equal  to 
VARIABLE  VALUE. 

Enter  the  value  of  the  variable  and  add  the  decimal 
point. 

NOTE:  Be  sure  to  use  the  correct  variable  value. 
Refer  to  the  instructions  for  item  3.3,  sheet  No.  2. 
Consult  table  2  for  proper  veu-iable  value  codes  and 
units  of  measure. 
PREVIEWED  DAYS. 

Enter  the  number  of  days  the  suppression  criterion 
is  enforced  preceding  each  fire.  If  the  suppression 
criterion  is  met  on  any  of  the  specified  number  of 
days  preceding  the  fire's  ignition,  it  is  declared  a 
wildfire.  This  entry  may  be  left  blank.  If  used,  be 
sure  to  add  the  decimal  point. 
VARIABLE  NAME. 

For  documentation  purposes,  enter  the  variable 
name.  This  item  is  not  entered  into  program 
RXFIRES. 

VARIABLE  MEASURE. 

For  documentation  and  error-checking,  enter  the  ac- 
tual variable  measure  selected.  For  example,  to  docu 
ment  use  of  elevation  value  code  "4",  enter 
"4500  feet'"  as  the  variable  measure. 
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RXFIRES  INPUT  WORKSHEET 


SHEET  NO.  3  —  FIRE  SUPPRESSION  CRITERIA 
SUPPRESS  FIRES  IF: 
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VARIABLE 
CODE 
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4.2 

ARITHMETIC 

ARGUMENT 
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4.3 

VALUE  CODE 

i_ 
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4.4 

PREVIEW 
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4.5 
VARIABLE  NAME 


4<^    eRL 


4.6 
VARIABLE 
MEASURE 


Page 


O   ofO 


Exhibit  5c.— Sample  RXFIRES  Input  Worksheet  No.  3,  Fire  Suppression  Criteria. 
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RXFIRES  INPUT  ENTRY 

RXFIRES  worksheet  items  are  put  into  the  computer 
using  the  DEMAND  interactive  program 
CSSG*R1LIB. RXFIRES.  The  program  prompts  the  ter- 
minal operator  for  each  worksheet  item,  checks  each  en- 
try for  value  range  and  decimal  point,  and  writes  it  to 
an  RXFIRES  directive  file.  After  successfully  entering 
all  worksheet  items,  the  directive  file  can  be  @ADD'ed 
at  any  time  to  initiate  program  execution.  Details  of 
RXFIRES  input  entry,  initiation,  and  file  maintenance 
are  contained  in  "Part  2— Computer  Terminal  Operator's 
Manual"  (Bevins  and  Fischer  1983). 

RXFIRES  OUTPUT 

Output  printed  by  RXFIRES  includes: 

1.  RXFIRES  banner;  1  page. 

2.  RXFIRES  cover,  1  page. 

3.  Echo  of  RXFIRES  input  directive  file  (exhibit  6);  1 
page. 

4.  Yearly  summary  of  fires  by  size  class  and  type  (ex- 
hibit 7);  1  page. 

5.  Unscheduled  fire  case  histories,  if  requested  (exhibit 
8);  up  to  7  case  histories  per  page. 

6.  Fire  load  summary  table  (exhibit  9);  1  page. 

Two  types  of  warning  messages  may  be  printed  be- 
tween the  input  echo  page  and  the  yearly  fire  summary 
table: 

***  WARNING  -  NO  WEATHER  DATA  ON  date 
AT  STATION  number  FOR  FIRE  NO.  Super- 
visor's number,  FOREST  Forest  ADP  code, 
DISTRICT  District  ADP  code,  (ADDRESS  = 
weather  file  address)  ***. 
The  message  indicates  that  no  weather  observations 
were  taken  the  day  the  fire  started.  The  fire  is 
automatically  excluded  from  the  test  prescription 
analysis. 
The  second  warning  message  is: 

***  NO  WEATHER  DATA  FOR  STATION  number 
DAY  number  PRECEDING  FIRE  NO.  Super- 
visor's number  ON  date  ***. 
The  message  indicates  that  no  weather  observations 
were  taken  on  a  day  preceding  the  fire  start.  The  fire  is 
included  in  the  analysis  as  a  wildfire. 


28 


UJ  O 

O 

X 

(T  U 


o 

U  CD 

a. 

<. 
u 

C/3   4 


o       o       o       o       r^ 


:*■  K5  O  K)  CO 


OOO  OOOOOOOO 


ooooooooooo 


OOO  OCMOOr-IOtH* 


OOO  OIO<H^<\JOCM^ 


a 


t/) 

u  + 


O 
Q 
U 

m 

i-t  CD 
IT 
O 
</) 

u  <: 
cr 


oa^h-o.Hif)d-foooo^ 


ooooooooooo 


oooooooo 


(OlOOOrOOO^OfOvfl 


t~-\Oh-otoif):*-(r»or^ro 
.-<  .-I  r- 


z 


< 


<I 
u 
tr 

»- 

CO 


< 
u 
a: 

< 

CO 

CO 

u 


a: 
u 


tr 
u 


•  o 

<  3 


3  Z 

(r  1-1 

CD 
•  < 


LJ  U 

s:  CD  ' 


CO  l-l 

3  _J 


-I 

X 

UJ 


IX 
^  3-  1^  vB  O 


CO 
CO 

u 
cc 

Q. 

Q. 
t-  ►-  K  O  3 
_|  _j  O  U  C/} 


u 

> 

UJ 


3 
Q. 


U  f-  3 
2  tS  O 


•  O 
CM  U 


*\C**^     •CVIiPhO     • 


<\J 


^  in  in  K) 


\0 

in 


lO 

in 


CM 

in 


in  o 

CO 

CM  »H 

<M  O 
CM  t>- 

(T"    r-l 


in       tH 

•  CO  vO 


CO 

UJ 

oc 
u. 

X 

tr 

0) 

a 
E 
<o 
(0 


!5 


>< 

UJ 


I 


> 

Ui 

-J 


3 

a. 


3 
O 


< 


>- 
cr 

<i 
s: 
s: 

3 

w 

u 
u 

z 

UI 
(T 

cr 

3 
U 

u 

o 


K 

u. 


o 

UJ 

a 
u 

X 

u 

CO 


a 

Ui 
GD 
1^ 
01 

u 
m 
u 

0. 

>- 
-1 
oc 

< 

UJ 

>- 


o 

+ 
o 

C/5 
UI 

ir  o 
i-t 

Li. 
Q 

-1  cr> 


□  ^- 
U)  o 
Q  I- 
3 

_I   + 
O  CD 
X 
UI 

u 


UJ    «! 


CD   I- 

UJ  o 

I-  t- 

o  + 

Q.  O 
UI 

cr 
u 

Vi 

u 
or 

HH    CD 

u. 

-J 
<t  < 


cr   I 
<    I 

Ul     I 


^^ln^^n^Da^^oc^^-<^J^ 


OOOOOOOO 


OOOOJrHOOOOfVlin 


ooomr-t:j-od-o*<£> 


>i)in«H«)d-inromr-ino^ 


t>-4i-aDini>-:»-r^<Mt^c\jro 
vDt-f  cvicv.-'  c\;  Kiru 

OJ 
1-IOO  OOOOOOtHCM 


ooocM^oooorviin 


tOIOOind-^ocOOh-:*- 


ro»-(occcMor-crr>-c\j(\j 

in«H  rH(\J»H  iH  cvir-- 


CM 


*^-ccJJ■«)^-^o^-l(J^o 

d-K)a3tcin:ra3c\jv£\fl 


lOffiincDtoo^oiOtHforo 

(\J  iH  r^  r-t  (\J  r-l  fVI 


cvivocvjf^-aDtrr^toooo^ 
oK)rOvDvD3-K5irr\)ini-i 
r-i  in 


O  r-(  CVI 

h-       r-       r^ 
or<       CT"       (^ 


* 

in 

vX) 

r>- 

<r) 

0^ 

r- 

f^ 

r^ 

f- 

f^ 

r^ 

(r> 

(T 

(^ 

(^ 

a> 

cr 

(0 
(0 

E 
E 


CO 
UJ 

cc 
u. 

X 

oc 
* 

Q. 

E 
ra 

CO 


l>- 
.5 


29 


CD   * 


OJ 

u 

vX)  UJ 

m 

cc 

a-  ir 

u 

u 

CL 

X) 

o 

o 

o 

(- 

2 

o 

u 

vO 

3 

c 

Q 

o 

r-  ~ 

2 

CO 

O 

□ 

l-H 

u 

t- 

I 

< 

to 

o 

»-H 

o 

3 

_l 

ta 

2 

u 

rH  »-l 

* 

»-H 

to  1- 

h- 

:d 

00 

w 

»-^ 

(^  vO  Ul 

Q 

It   tr 

u   a 

^ 

CL 

tH 

00 

CC 


•-) 

2 

<o 

\ 

(X 

vC 

«) 

3 
CD 

IT 

2 

CJ 

O 

O 

<a 

U. 

rH 

2 

>- 

vC  O 

< 

»-* 

LJ 

D 

►- 

00 

Q. 

Zi 

iC 

»-t 

< 

u 

ac 

o 

u 

o 

3 

w 

o 

UJ 

l-» 

(T 

LL 

Q 

o  a. 

»-i 

U 

o 

O 

-r 

O  2 

UJ 

(/) 

O  >-l 

CL 

cr 

«-t 

W 

1- 

o  o 

< 

kO   UJ 

CM 

3 

tH  2 

>-  o  s: 

I-  u 

2  CC 

O  Ul 

O  CC 


<-l  * 

CD  * 


<^ 

r^ 

^0 

o 

CO  * 

o 

q: 

K) 

3 

UJ 

(T 

CM 

o 

2 

(O 

CM 

»- 

o 

to 

o 

t^ 

2 

O 

CO 

in 

U  CJ  Q. 

IP 

>-i  (\J  H-i 

CC 

u 

t- 

CO 

o 

u 

»-* 

a. 

Qc: 

a. 

CO 

o 

1-4 

to  *  Ul 

o 

CC    D 

a: 

-i 

r-l 

o 

CC 

2 

u. 

K 

U 

2 

X 

K 

U 

3 

< 

a. 

00 

(^ 

X 

>- 

t^ 

«I 

\ 

Q 

r- 

o 

o 

CM 

2 

fO 

V 

QC 

3- 

« 

CD 

cr 

2 

O 

o 

O 

«l 

u. 

tH 

2 

>- 

CM  o 

<t 

»-t 

u 

Q 

»- 

V) 

a 

■D 

iC 

t-t 

<i. 

u 

cr 

u 

u 

o 

3 

C/J 

u 

►H 

Ul 

q: 

u. 

a 

O  Q. 

h-t 

u 

O 

u 

I 

o  2 

UJ 

t/3 

O  l-H 

CL 

a: 

fH 

t/5 

1— 

o  o 

< 

vO  U 

<o 

3 

«-i  2 

O 

2 

2 

r) 

o 

Ul 

u 

i-i  :*■ 

CD  lO 


^i^ 

r- 

3- 

u 

tH  d- 

CM 

oc 

* 

3 

u 

CM 

to 

O 

2 

0^ 

CM 

1- 

O 

13 

o 

in 

2 

CO 

ro 

O 

in 

<_) 

in  ql 

in 

l-l 

«H  M 

CC 

u 
to 

u 
or: 

CC 
tO 

O 

H-* 

to 

3-  Ld 

CD 

CC 

O 

u 

U 

3- 

a. 

u 

a: 

-J 

lO 

o 

t£. 

CM  2 

u. 

t- 

U 

2 

X 

1- 

O 

3 

<I 

CC 

IT) 

a» 

X 

>- 

f-- 

<t 

^ 

a 

CO 

a 

tH 

CM 

2 

CM 

\ 

q: 

* 

CO 

CD 

QC 

2 

u 

o 

O 

<I 

li. 

•H 

2 

>- 

K)  O 

<I 

l-H 

u 

D 

t- 

to 

o. 

3 

^ 

l-H 

<I 

UJ 

CC 

o 

u 

o 

3 

to 

<_) 

u 

»-« 

cr 

u. 

D 

O  £L 

t-1 

UJ 

o 

(_) 

I 

o  2 

Ul 

to 

O  >-H 

0. 

CC 

»-l 

(0 

f- 

O  Q 

< 

\D  UJ 

3- 

3 

.-<  2 

* 

hH 

rt 

<t 

>- 

O  E 

• 

»- 

u 

O 

2 

or 

2 

r> 

o 

UJ 

U 

u 

CC 

>-H  CM 

CD   * 


«) 

u 

rH  U 

CM 

q: 

fO  IT 

3 

UJ 

Q. 

* 

lO 

O 

o 

t- 

2 

O- 

Ul 

CM 

o 

o 

Q 

o 

o  — 

2 

to 

rH 

O 

a 

l-H 

UJ 

1- 

I 

< 

t/) 

o 

IH 

o 

3 

-1 

tfl 

— ' 

2 

o 

CM  l-H 

* 

l-l 

CM  1- 
X 

Ul 

»- 

(J 

o 

IH 

u 

a: 

s: 

»- 

3 

00 

to 

l-H 

to 

in  Ul 

a 

!X. 

CC 

u 

a. 

* 

Q. 

•H 

to 

X 

«i 

< 

3 

»- 

£ 

oo 

1- 

Ul 

l-H 

LL 

►- 

u 

2 

X 

(- 

O 

3 

« 

Ct 

to 

0^ 

I 

>- 

r- 

< 

\ 

a 

o 

o 

o 

to 

2 

CO 

>v 

CC 

* 

GO 

3 
CD 

tc 

2 

O 

o 

O 

< 

u. 

3 

iC    l-l 

< 

Ul   a: 

u 

Ul    u 

3    to 

<_> 

Ul 

l-H 

ir 

Ll 

a  o  CL 

hH 

UJ  o 

O 

X  o  2 

Ul 

CO  O  l-H 

0. 

a:  .-1 

to 

t-  O  Q 

<  vi)  U 

o 

3  .H  2 

<^ 
<u 


CM 
M) 
yO 
in 

10 

II 
(0 

w 
u 
a: 
a 
o 
< 


u 
m 


V 

V 

O 

V 

• 

• 

u. 

• 

c^ 

o> 

^^ 

r^ 

r~ 

• 

h- 

(j> 

(^ 

f-- 

ir 

iH 

rH 

•H 

iH 

» 

» 

» 

f-l 

r- 

• 

«H 

O 

iH 

o 

O 

(T 

(T 

2 
U 

O 

Z 

2 

tc 

2 

o 

O 

IH 

u. 

O 

to 

a 

in 

in 

■^ 

tc 

^i) 

•H 

fH 

o 

iH 

CC 

CC 

O 

q: 

HH 

IH 

IH 

IH 

u. 

U. 

t- 

0. 

ta 

CO 

(- 

ts 

2 

2 

to 

2 

HH 

IH 

•H 

O 

Q 

t- 

O 

UJ 

U 

< 

UJ 

u 

UJ 

u 

o 

u 

(r« 

o 

Ul 

u 

r- 

u 

CC 

CC 

(T 

K 

Q. 

Q. 

r-l 

0. 

.H 

w-t 

CM 

r-l 

V 

X 

>- 

< 

<a 

0. 

<3. 

o 

o 

Ul 
00 

o 

Oi 

CM 

2 

o 

CVl 

2 

2 

2 

O 

O 

< 

O 

l-H 

IH 

K 

HH 

t- 

t- 

<I 

1- 

«I 

<t 

a 

«I 

►- 

t- 

y- 

00 

to 

CC 

u 

to 

CC 

£C 

X 

CC 

o 

o 

1- 

o 

u. 

u. 

u. 

«I 

<; 

3 

<t 

t- 

K 

K 

<I 

< 

o 

"3 

Q 

Q 

2 

o 

£C 

CC 

1 

CC 

u 

U 

1 

UJ 

X 

X 

I 

►- 

»- 

IB 

H 

< 

< 

2 

« 

UJ 

Ul 

HH 

u 

3 

3 

2 

tc 

3 

O 

o 

<t 

O 

2 

2 

3 

2 

A 

A 

♦ 

A 

A 

A 

» 

A 

A 

A 

« 

A 

(C 

o 

Q. 


c 


CC  <^ 


a 

VI 

(0 

UJ 

o 

_i 

3 
a 

£ 

u 

•^ 

I 

w 

o 

UJ 

00 

oc 

2 
3 

u. 

X 

CC 

D 

a> 

Ul 

CD 

Q. 

HH 

E 

(C 

(D 

o 

(A 

to 

1 

u 

1 

IC 

00 

Q. 

(^ 

n 

<o 

!E 

K 

Ul 

30 


M 
bl 


U. 

a 


o 

(9 

Z 

o 

>- 

— » 

r- 

ro 

Q 

2 

_l 

"S 

u 

> 

CO 

u 

u 

-J 

l-l 

»- 

U. 

3 

vC 

Q. 

'i^ 

1- 

Q 

3 

U 

O 

_l 

Z) 
Q 
U 

V 

X 

c« 

q: 

CJ 

u 

«s 

00 

a:       in 

E 

z 

i-i 

£ 

=) 

u. 

3 

^- 

CO 

Q 

Q 

U 

o 

u 

m 

< 

CD 

M 

o 

l-H 

IT 

-1 

K 

u 

U 

w        * 

u 

CO 

kJ 

<r 

UJ 

a: 

1-4 

Q. 

C5 

>- 

CD 

2 

_i 

z 

h-l 

i-i 

l-» 

O 

«i 

o 

ts 

o 

Cfl 

H         lO 

2 

o 

CD         ~ 

<      CO 

K         >- 

a 


< 
o 

K 
U. 

o 
» 

a 

z 

4 


< 
O 


z  u 
M  cr 

O  "I 

C9  u. 

z  a 

o  _i 


If)  0* 


fH  ro 


d-  lO 
ro 


K)  IT 


to  iS 
lo  r~ 


as 

If)  w 

<M   i-E 

<\J   »? 

r^   « 

<r 

3- 

CM 

CM 

•H 

O    W  r^    »? 


o  w 

(VI   4* 

<M  &^ 

o 

CM 

lO  O 

• 

• 

r-l  O 

ro  js 


•H    4?  tH    i-S 


vD    4? 

in 


O   4?         O   4'? 


fO   4?  ^   4? 


C\J    iH 
CM 


O    4?         O    4? 


CM   4'S 
CM 


CM  r- 


CO   4« 


4«         vX)   4V 

o      (o  (r> 


r-  4« 
t-i  * 


r--  4'5 

K)  O 


CM    i^ 
CM  « 

o 

o  o'e 
o 

o 

o  m 

o 

O    4^ 

O 

o 

o 

O 

o  m 
o 

o  i': 

o 

CM    !/i 
CM  CO 

i-l 

^ 

*    4^ 
IT   d- 

*    4? 

ro 

O    4'5 
O 

rH    Si 

f-l 

C    4? 
O 

O   4? 
O 

rt    4? 
.-1 

O   4? 
O 

O  4<? 
o 

o  m 

o 

O  4'S 
O 

O  4? 

* 

* 

CC    4? 

*    4? 

to 

CM    4? 
CM 

O    4'5 

o 

O    4? 
O 

O   4« 

o 

o 

O   4'? 
o 

O  4S 
o 

O  4? 

o 

O   4? 
O 

*    4'? 

* 

in 

lO  4« 

:*-  in 

K>   4^ 
CM 

O    4? 
O 

rH    4? 

fH 

O    4'? 

o 

O   4^ 

o 

O    4« 

o 

O   4? 

o 

O   4'? 

o 

O  4-! 

o 

O   4? 

o 

*    CO 

ro 

ro 

iH   4? 
O  CM 

•H      • 

CO 

O    4'8 

•^  CO 

• 

o  4'; 

o 

• 

O    4? 

O 
• 

O    4? 

o 

• 

o 

• 

O    4? 

o 

• 

O   4S 

o 

• 

• 

O  4? 

o 

• 

O   4? 

o 

• 

CM  41 

«-t  r-l 
•H      • 

in  4? 
*  in 
t>-    • 

o 

vO 

in  2/; 

a- 
• 

o  »? 
o 

• 

CM    4'? 
CM 

• 

o  » 
o 

• 

O   4* 
O 

• 

O   4^ 

o 
• 

O  4^ 
O 

o  iK 

o 

CM    4'! 
CM 

• 

<0   4? 
vO  ro 

r~   • 

<M 
\0 

a 

u 

< 

z 

•-• 

s: 

K 

U 

« 

IB 
& 

n 
E 
E 


a 
o 


l-l  lO 

(0 

3  CM 

00  •• 

OT 

X  UJ 

UJ 

q:  e 

oc 

CD  h- 

u. 
X 

-1 

oc 

^ 

o 

E 

« 

o 

Q. 

CO 

b 

C/5   CM 

(0 

CO  <D 

(A 

CJ  ro 

1 

CM 

s:  3- 

•  • 

o> 

<t  o 

CO 

^  ■ 

(T   •• 

« 

•^ 

19  U 

o 

A 

O  H 

IT 

£ 

cr  <i 

nr 

K 

a.  o  u 

UJ 

31 


FIRE  MANAGEMENT  APPLICATION 

The  computer  system  described  herein  gives  the  fire 
management  planner  a  capability  to  objectively  compare 
the  relative  performance  of  alternative  fire  prescriptions 
involving  the  planned  use  of  natural  or  accidenteil  igni- 
tions. The  major  products  of  the  system  are  the  yearly 
prescribed  fire  occurrence  summary  table  (exhibit  7),  the 
fire  case  history  listing  (exhibit  8),  and  the  fire  load  sum- 
mary table  (exhibit  9).  It  is  important  to  remember, 
however,  that  the  numbers  presented  in  the  output 
tables  (exhibits  7  and  9)  are  not  estimates  of  probable 
future  fire  occurrence.  Rather,  they  represent  a 
hypothetical  performance  of  a  test  prescription  based  on 
past  fire  occurrence  as  constrained  by  basic  assumptions 
and  inherent  limitations  of  the  computer  programs. 

The  values  generated  by  program  RXFIRES  provide  a 
numerical  measure  of  performance  of  a  test  prescription. 
This  provides  a  basis  for  assessing  the  type  and  level  of 
fire  activity  that  might  be  expected,  over  time,  were  the 
test  prescriptions  implemented.  Generalizations  are 
possible  concerning  the  probable  level  of  prescribed  fire 
activity,  probable  size  of  fires,  escape  potential,  and 
probable  co-occurrence  of  wildfires  £ind  prescribed  fires. 

The  utility  of  such  information  is,  therefore,  how  the 
values  differ  between  test  prescriptions.  For  example, 
over  a  10-year  period  test  prescription  A  will  probably 
result  in  threefold  as  many  fires  as  test  prescription  B. 
Or,  the  probability  of  prescribed  fires  eventually  ex- 
ceeding prescribed  conditions  (escapes)  is  twice  as  great 
with  test  prescription  X  as  it  is  with  test  prescription  Y. 

The  fire  case  history  listing  (exhibit  8)  can  be  used  to 
determine  how  a  given  test  prescription  might  be  ad- 
justed to  change  its  performance. 
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APPENDIX  A 
RXBUILD  Input  Worksheets 
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Date 


RXBUILD  INPUT  WORKSHEET 
SHEET  NO.  1  —  RUN  IDENTIFICATION 


1.    TITLE.  (Enter  1  to  80  characters.) 


2.    USER  NAME.   (Enter  1  to  80  characters.) 


3.    REGION  NAME  OR  NUMBER.   (Enter  1  to  80  characters.) 


4.    FOREST  NAME.   (Enter  1  to  80  characters.) 


5.    FOREST  ADP  CODE. 


6.    NUMBER  OF  AFFIRMS  WEATHER  STATIONS  TO  BE  USED 

IN  THIS  RUN.-  

List  of  AFFIRMS  stations  to  be  used.   List  in  order  of  increasing 

station  number  -  smallest  number  first,  largest  number  last. 

6. 


6. 
6. 
6. 
6. 
6. 


—  Complete  a  separate  Sheet  No.  2  for  each  of  the  AFFIRMS  stations 
listed  in  Item  No.  6  above. 
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Date  RXBUILD  INPUT  WORKSHEET 


SHEET  NO.  2  —  AFFIRl-IS  STATION  PARAMETERS 


6. .      6-DIGIT  AFFIRMS  STATION  ID. 

1/ 


6. . 1  AFFIRMS  STATION  NAME. 

6. .2  AFFIRMS  STATION  ELEVATION. 

6. .3  AFFIRMS  STATION  LATITUDE. 

6. .4  NFDRS  FUEL  MODEL. 

6. .5  NFDRS  SLOPE  CLASS. 

6. .6  NFDRS  HERBACEOUS  TYPE. 

6. .7  NFDRS  CLIMATE  CLASS. 

6. .8  NFDRS  GREENUP  DATE. 

6. .9  NFDRS  FIRST  FREEZE  DATE. 

6. .10  NFDRS  WEEKDAY  MAN  RISK  FACTOR. 

6. .11  NFDRS  WEEKEND  MAN  RISK  FACTOR. 

6. .12  NFDRS  LIGHTNING  SCALING  FACTOR. 

6.   .13  NU14BER  OF  MANNING  VARIABLES. - 


—  20  characters  maximuin. 

2/ 

—  Complete  Sheet  No.  3  if  Item  No.  6. .13  is  greater  than  0.   A 

separate  Sheet  No.  3  must  be  completed  for  each  AFFIRMS  station 
indicated  in  Item  6,  Sheet  No.  1. 
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Date  RXBUILD  INPUT  WORKSHEET 

SHEET  NO.  3  —  RUN  IDENTIFICATION 
AFFIRMS  STATION  NO. 


MANNING  VARIABLE  NO.  1 

6. .13.1.1     BASE  VARIABLE  FOR  MANNING  LEVEL. 

6. .13.1.2     NO.  OF  MANNING  LEVEL  CLASSES. 

6. .13.1.3     90th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 

6. .13.1.4    97th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 

MANNING  VARIABLE  NO.  2 

6. .13.2.1     BASE  VARIABLE  FOR  MANNING  LEVEL. 

6. .13.2.2     NO.  OF  MANNING  LEVEL  CLASSES. 

6. .13.2.3    90th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 

6. .13.2.4    97th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 

MANNING  VARIABLE  NO.  3 

6. .13.3.1     BASE  VARIABLE  FOR  MANNING  LEVEL. 

6. .13.3.2    NO.  OF  MANNING  LEVEL  CLASSES. 

6. .13.3.3    90th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 

6.   .13.3.4    97th  PERCENTILE  VALUE  OF  BASE  VARIABLE, 
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Date  RXBUILD  INPUT  WORKSHEET 


SHEET  NO.  A  —  DATE  PARAMETERS 

7.  BEGINNING  YEAR. 

8.  ENDING  YEAR. 

9.  BEGINNING  SEASON  DATE. 

10.  ENDING  SEASON  DATE. 

11.  NFWDL  FILE  NAME. 


12.   NUMBER  OF  DISTRICTS. - 


13.  FIRE  REPORT  LISTING? 

14.  WEATHER  DATA  FILE  LISTING? 


—  Information  on  each  District  indicated  here  included  on  a  Sheet  No, 


5,  District  Parameters, 
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Date  RXBUILD  INPUT  WORKSHEET 


SHEET  NO.  5  ~  DISTRICT  PARAMETERS 


DISTRICT  NO, 
12.1.1    DISTRICT  NAME. 


12.1.2  DISTRICT  ADP  CODE. 

12.1.3  DISTRICT  AFFIR14S  STATION. 


DISTRICT  NO, 
12.2.1    DISTRICT  NAME. 


12.2.2  DISTRICT  ADP  CODE. 

12.2.3  DISTRICT  AFFIRMS  STATION. 


DISTRICT  NO, 
12.3.1    DISTRICT  NAME. 


12.3.2  DISTRICT  ADP  CODE. 

12.3.3  DISTRICT  AFFIRMS  STATION, 
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Date  RXFIRES  INPUT  WORKSHEET 


SHEET  NO.  1  ~  RUN  IDENTIFICATION 


1.    RUN  NAME. 


2.    USER  NAME. 


3.    EXCLUSION  CRITERIA.   (Use  Sheet  No.  2) 


4.    FIRE  SUPPRESSION  CRITERIA.  (Use  Sheet  No.  3) 


5.    OUTPUT  LEVEL. 


5.1   INCHES  OF  PRECIPITATION. 


5.2   FIRE  CASE  HISTORY  VARIABLES, 


0  1.   0  2.   0  3.   0  4.   0  5.   0  6.   0  7.   0  8.   0  9.   10.   11.   12, 


5.3   FIRE  LOAD  SUMMARY  TABLE  DATES.  First   Last    First   Last 

MMDD.   MMDD.   YEAR.   YEAR, 
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Date 


RXFIRES  INPUT  WORKSHEET 


SHEET  NO.  2  —  FIRE  EXCLUSION  CRITERIA 
EXCLUDE  FIRES  IF: 


3.1 

3.2 

3.3 

3.4 

3.5 

VARIABLE 

ARITHMETIC 

VALUE  CODE 

VARIABLE  NAME 

VARIABLE 

CODE 

ARGUMENT 

MEASURE 

Page 
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Date 


RXFIRES  INPUT  WORKSHEET 


SHEET  NO.  3  ~  FIRE  SUPPRESSION  CRITERIA 
SUPPRESS  FIRES  IF: 


4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

VARIABLE 

ARITHMETIC 

VALUE  CODE 

PREVIEW 

VARIABLE  NAME 

VARIABLE 

CODE 

ARGUMENT 

DAYS 

MEASURE 

Page 
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The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one 
of  eight  regional  experiment  stations  charged  with  providing  scien- 
tific l<nowledge  to  help  resource  managers  meet  human  needs  and 
protect  forest  and  range  ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  About  231  million 
acres,  or  85  percent,  of  the  land  area  in  the  Station  territory  are 
classified  as  forest  and  rangeland.  These  lands  include  grass- 
lands, deserts,  shrublands,  alpine  areas,  and  well-stocked  forests. 
They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial deveiopment;  and  water  for  domestic  and  industrial  con- 
sumption. They  also  provide  recreation  opportunities  for  millions 
of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  main- 
tained in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University 
of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of 
Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young  Univer- 
sity) 

Reno,  Nevada  (in  cooperation  with  the  University  of 
Nevada) 
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RESEARCH  SUMMARY 

This  report  outlines  the  structure  of  a  user-oriented 
computer  system  that  allows  fire  managers  to  examine 
computerized  historical  fire-occurrence  and  weather 
records  and  identify  ignitions  that  would  have 
qualified  as  prescribed  fires  according  to  the  condi- 
tions of  a  test  prescription.  Qualifying  fires  are 
"allowed  to  burn"  under  prevailing  weather  conditions 
until  extinguished  by  precipitation  or  until  they  burn 
out  of  prescription.  Test  prescription  parameters  may 
include  up  to  60  fire-occurrence,  fire-weather,  fire- 
danger,  and  fire-manning-level  variables. 

Instructions  for  data  entry  and  program  execution 
are  provided.  Sample  output  demonstrates  successful 
program  execution.  A  companion  report,  Part  1  — 
User's  Guide  (Bevins  and  Fischer  1983),  is  available  as 
a  separate  general  technical  report. 
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A  Computer  System  for  Testing 
Fire  IVIanagement  Prescriptions: 

Part  2— Computer  Terminal 
Operator's  Manual 


Collin  D.  Bevins 
William  C.  Fischer 


INTRODUCTION 

The  purpose  of  this  report  is  to  facilitate  use  of  pro- 
grams RXBUILD  and  RXFIRES.  These  programs  pro- 
vide information  that  can  be  used  to  evaluate  alternative 
prescriptions  for  unscheduled  prescribed  fires  within 
specific  fire  management  planning  areas.  The  programs 
examine  historical  fire-occurrence  and  weather  records 
and  identify  ignitions  that  would  have  qualified  as 
prescribed  fires  according  to  the  conditions  of  a  test 
prescription.  Qualifying  fires  are  "allowed  to  burn" 
under  prevailing  weather  conditions  until  extinguished 
by  precipitation  or  until  they  exceed  prescribed 
conditions. 

Program  RXBUILD  collates  the  necessary  fire- 
occurrence  and  fire-  weather  data  from  computer  ar- 
chives and  creates  a  data  set  specific  to  a  fire  manage- 
ment area.  The  data  set  may  be  printed  at  the  user's 
request. 

Program  RXFIRES  reads  the  user's  test  prescription 
and  checks  each  historical  fire  for  compliance.  A  table  of 
unscheduled  prescribed  fires  and  wildfires  by  year  and 
size  class  is  printed.  The  user  may  eiIso  request  a  case 
history  of  each  unscheduled  prescribed  fire  and  a  fire 
load  summary  table.  RXFIRES  may  be  used  repeatedly 
to  test  alternative  prescriptions  for  a  single  fire  manage- 
ment area  data  set  created  by  program  RXBUILD. 

Programs  RXBUILD  and  RXFIRES  are  written  in 
ASCII  3.9X-77  FORTRAN  and  are  available  on  the 
Region  1  shared  library  CSSG*R1LIB,  USDA  Forest 
Service,  Fort  Collins  Computer  Center,  Fort  Collins, 
Colo. 

SYSTEM  STRUCTURE  AND 
OPERATION 

The  steps  necessary  to  successfully  operate  RXFIRES 
are  shown  in  table  L  The  left-hand  column  identifies  the 
steps  usually  performed  by  the  fire  management  officer, 
fire  planner,  or  other  user  of  program  output.  This  per- 
son is  primarily  concerned  with  selecting  appropriate 
program  inputs  and  interpreting  program  outputs.  A 
companion  report.  Part  1— User's  Manual  (Bevins  and 
Fischer  1983),  provides  instructions  to  these  users. 


The  right-hand  column  of  table  1  identifies  the  steps 
that  are  usually  performed  by  the  terminal  operator  or 
computer  specialist  who  enters  the  data,  submits  the 
programs  for  execution,  and  maintains  the  data  files. 
This  report  contains  detailed  instructions  for  those 
steps. 

Programs  RXBUILD  and  RXFIRES  each  consist  of 
two  executable  elements: 

CSSG*R1LIB. RXBUILD  and  CSSG*R1LIB.RXBUILD2 
CSSG*R1LIB. RXFIRES  and  CSSG*R1LIB.RXFIRES2 


Table  1. 


-List  of  steps  necessary  to  operate  programs  RXBUILD 
and  RXFIRES 


Fire  planner 
responsibilities 


Terminal  operator 
responsibilities 


PROGRAM  RXBUILD 
1.  Connplete  RXBUILD  Input 
worksheet. 


2.  Detemnine  NFWDL  tape  name. 
(Consult  Furman  and  Brink  1975) 

3.  Create  NFODL  SPSS-style  fire 
file.  (Consult  Vancik  and 
Roussopoules  1982). 

4.  Access  CSSG'RILIB. RXBUILD  to 
enter  worksheet  items  and  create 
an  input  directive  file. 

5.  @ADD  the  RXBUILD  directive  file 
to  execute 
CSSG*R1LIB.RXBUILD2. 


6.   Interpret  RXBUILD  output 


PROGRAM  RXFIRES 
7.  Complete  RXFIRES  input 
worksheet. 


Access  CSSG'RILIB. RXFIRES  to 

enter  worksheet  items  and  create 

an  input  directive  file. 

©ADD  the  RXFIRES  directive  file 

to  execute 

CSSG-R1LIB.RXFIRES2. 


10.  Interpret  RXFIRES  output. 

11.  Return  to  step  7  for  next  test 
prescription. 


Executable  elements  RXBUILD  and  RXFIRES  are  in- 
teractive routines  that  prompt  the  terminal  operator  for 
items  from  the  RXBUILD  and  RXFIRES  input 
worksheets,  respectively.  They  test  each  entry  for  veilue- 
range  and  decimal  point.  If  errors  are  detected,  a 
diagnostic  message  is  printed  to  the  terminal  and  the 
item  can  then  be  reentered  correctly.  Both  routines  write 
the  edited  entries  and  additional  Exec  8  control 
statements  to  an  output  file  on  logical  unit  7.  The  out- 
put files  become  the  input  directive  files  for  executable 
elements  RXBUILD2  and  RXFIRES2. 

Executable  elements  RXBUILD2  and  RXFIRES2  are 
batch  routines  initiated  by  @ADDing  the  respective  in- 
put directive  files  created  by  RXBUILD  and  RXFIRES. 

The  interaction  between  users,  executable  elements, 
and  input  and  output  files  is  shown  in  figure  1.  A  Ust  of 
the  60  variables  that  can  be  used  as  prescription 
parameters  in  programs  RXBUILD  and  RXFIRES  is 
contained  in  table  2. 
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Figure  1.— Structure  and  operational  routine  for  programs  RXBUILD  and  RXFIRES. 


Table  2.— List  of  variables  that  can  be  used  as  prescription  parameters;  programs 
RXBUILD  and  RXFIRES 


Variable 
code 


Variable 
name 


Variable  value  code 
and  unit  of  measure 


1  Agency 

2  Region 

3  Administering  National  Forest 

4  District 

5  Reporting  National  Forest 

6  Jurisdiction  at  origin 

7  State 

8  County 

9  Watershied 

10  Supervisor's  fire  number 

11  Year  of  origin 

12  Month  of  origin 

13  Date  of  origin 

14  Day  of  week  of  origin 

15  Statistical  cause 

16  General  cause 

17  Specific  cause 

18  Fire  size  class 

19  Acres  burned 

20  Individuals  who  started  fire 

21  Hour  of  fire  origin 

22  Total  hours  to  control 

23  Max.  -  suppression  personnel 

24  Slope  class 

25  Aspect  class 

26  Elevation  class 

27  Topography  class 

28  Cover  type  at  origin 

29  Fuel  type  at  origin 

30  Fuel  type  prevailing 

31  State  of  the  weather 

32  Temperature 

33  Relative  humidity 

34  Wind  direction 

35  Windspeed 
per  hour 

36  Maximum  temperature 

37  Minimum  temperature 

38  Maximum  relative  humidity 

39  Minimum  relative  humidity 

40  Precipitation  duration 

41  Precipitation  trace 

42  Precipitation  amount 

43  Lightning  activity  level 

44  Man-caused  risk 

45  1-hour  fuel  moisture 

46  10-hour  fuel  moisture 

47  100-hour  fuel  moisture 

48  lOOG-hour  fuel  moisture 

49  Live  woody  fuel  moisture 

50  Live  herbaceous  fuel  moisture 

51  Ignition  component 

52  Spread  component 

53  Energy  release  component 

54  Person-caused  occurrence 
index 

55  Lightning  occurrence  index 

56  Burning  index 

57  Fire  load  index 

58  Manning  level  variable  1 

59  Manning  level  variable  2 

60  Manning  level  variable  2 


1   =  USDA  Forest  Service 

1  =  R1,  2  =  R2 0  =  R10 

Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 

70  =  1970,  81  =1981 

1  =Jan,  2  =  Feb,  ...,  12  =  Dec 

0101  =Jan  1,  0615  =  Jun  15,  1231  =Dec  31 

1=Sun,  2  =  Mon 7  =  Sat 

Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
Coded;  consult  FSH  5109-14 
1=A,  2  =  8,  ...,  7  =  G 
Actual  value;  nearest  whole  acre 
Coded;  consult  FSH  5109-14 
Nearest  hour,  24-hour  clock  time 
Actual  value;  nearest  whole  hour 
Actual  number 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Coded;  consult  FSH  5109.14 
Actual  value;  nearest  whole  °F 
Actual  value;  nearest  whole  percent 
Coded;  consult  Deeming  and  others 
(1977) 
Actual  value;  nearest  whole  mile 


Actual  value;  nearest 
Actual  value;  nearest 
Actual  value;  nearest 
Actual  value;  nearest 
Actual  value;  nearest 
1  =  trace,  0  =  none 
Actual  value;  nearest 
inch 
Coded 

Actual  value;  nearest 
Actual  value;  nearest 
Actual  value;  nearest 
Actual  value;  nearest 
Actual  value;  nearest 
Actual  value;  nearest 
Actual  value;  nearest 
Actual  value 
Actual  value 
Actual  value 

Actual  value 
Actual  value 
Actual  value 
Actual  value 
Coded;  user  defined 
Coded;  user  defined 
Coded;  user  defined 


whole  °F 
whole  °F 
whole  percent 
whole  percent 
whole  hour 

100th  of  an 


100th 

10th  percent 
10th  percent 
10th  percent 
10th  percent 
whole  percent 
whole  percent 


'uSDA  Foreai  bervice,  Individual  Fire  Report  Handbook.  Form  5100-29 


INITIAL  DATA  ENTRY 

Obtain  Fire  Weather  Data  Tape  Name 

Program  RXBUILD  retrieves  archived  AFFIRMS 
weather  observations  from  the  National  Fire  Weather 
Data  Library  (NFWDL)  (Furman  and  Brink  1975).  The 
data  are  stored  on  magnetic  tape  by  AFFIRMS  station 
6-digit  ID  number  and  year.  It  is  necessary  to  supply 
RXBUILD  with  the  name  of  the  tape  containing  data 
for  the  first  year  of  the  lowest  numbered  AFFIRMS  sta- 
tion (step  2,  table  1  and  fig.  1).  The  following  run  stream 
will  produce  a  one-page  listing  of  the  AFFIRMS  data 
tapes: 

Image  0  12  3  4 

No.  1234567890123456789012345678901234567890 

1  ©RUN , . , . 

2  @ASG,A  F I REDATAL I B- PROGRAMS. 

3  @XQT    Fl REDATAL I B- PROGRAMS , L I STF I LES 

4  (®F  I  N 

Output  from  the  run  sequence  is  shown  in  exhibit  L 
Tape  qualifier  and  file  names  are  in  the  left  column.  The 
station-year  hmits  are  in  format  "ssssssyy",  where 
"ssssss"  is  the  6-digit  AFFIRMS  station  number  and 
"yy"  is  the  last  two  digits  of  the  year. 

Data  for  AFFIRMS  station  240112  beginning  in  1970 
(e.g.,  "STATION -YEAR  LIMITS"  of  24011270),  for 
example,  are  stored  on  tape  FIREDATALIB*  21-24. 
RXBUILD  must  be  supplied  with  the  file  name  portion 
only,  or  "21-24.". 

Caution:  Tape  names  and  station-year  limits  are  up- 
dated periodically.  Consult  Furman  and  Brink  (1975)  for 
a  more  complete  discussion  of  the  NFWDL. 


Create  a  Fire  Report  File 

Program  RXBUILD  reads  fire  report  records 
generated  by  the  National  Fire  Occurrence  Data  Library 
(NFODL)  program  NFODL*PROGRAMS.RETRIEVE 
(Yancik  and  Roussopoulos  1982).  The  following  run 
stream  will  create  a  file  of  fire  reports  from  1970 
through  1980  for  Forest  14,  Region  1  (step  3,  table  1, 
and  fig.  1): 

Image  0  12  3  4 

No.  1234567890123456789012345678901234567890 

1  ©RUN, 

2  @ASG . A  NFODL • PROGRAMS . 

3  @XQT    NFODL- PROGRAMS  NFO- RETR I  EVE 

4  USAGE  SPSS 

5  REGION  01 

6  FOREST  14  1970  1980 

7  ©EOF 

8  @FIN 

Program  NFO-RETRIEVE  dynamically  creates  a  mass 
storage  data  file  of  the  retrieved  historical  fire- 
occurrence  records.  The  files  are  available  for  6  calendar 
days  from  the  time  of  initial  creation  unless  @SAVE'd 
for  a  longer  period.  The  name  of  the  newly  created  fire 
file  has  the  format: 

NFOrrffSPSS*mmddyyhhmmss 
where  "rr"  is  the  Region  number,  "ff"  is  the  Forest 
number,  "mmddyy "  is  the  month,  day,  and  year  the  file 
was  created,  and  "hhmmss"  is  the  hour,  minute,  and  se- 
cond of  file  creation. 


FILE 


STATION YEIAR    LIMITS 

FFa'GM       THF^'OUGH 


DATE  (;]F 
LABI  UPDATE 


I REDATAL 
I REDATAL 
I REDATAL 
I  REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 
I REDATAL 


I  B*00-03. 

IB*04 

IB*04A 

IB*04B 

IB*04C 

IBM05-09 

IBM  10 

IB*10A-20 

IB-X-21--24 

IB*-24A-26 

IBM- 2  7 35 

IBK-3SA-41 
IB-K-42--45 

IBJ<45A 47 

IB*48--50 
IB^NEWYR 
IB*FRCST 
IB*FSTALL 


()  ( j  ()  0  0  0  0  0  0  3  9  9 '?  9  9  9 

0  4  ( j  cj  (J  Q  0  Q  ij  /|.  f)  7  9  <9  <?  9 

0 4 0 & 0 0 0 O  0 4329999 

0  4  Z  3  0  0  0  0  0  A  5 1  C)  5  9  9 

04510600  04999999 

0  5  0  0  0  0  C)  0  0  9  9  999 '?  9 

1  0  0  0  0  0  0  0  :l  0 1 0  9  9  9  9 
10110  0  0  0  2  0  9  9  9  9  9  9 
2 1 0 0 0 0 0 0  24179999 
24180000  26999999 

2  7  0  0  0  C)  0  0  :;:';  5239999 

3;  5  2  4  0  0  0  0  41999999 

4  2  0  0  0  0  0  0  ■^■5169999 

4  5  1  7  0  0  0  0  4  7  9  9  <■?  9  9  9 

4  a  C'  0  0  0  0  0  5  0  9  9  9  <?  9  9 

0 0 0 0 0 0 0 0  99999999 

0  C)  0  0  0  0  0  0  9999  9  9  9  9 

0  0  0  0  0  0  0  0  9  9  9  9  9 '?  9  9 


03028: 
03028: 
03028: 
03028: 
03028: 
03028: 
03028: 
03028: 
03028: 

0:302  s: 

03028: 
03028: 
03028: 
03028: 
03028: 
06208: 
06208: 
03028: 


NOTE  -  THE  TIME  LAG  IN  THE 
HAS  BEEN  REMOVED  FROM  THE 


RECORDING  OF  THE  LIGHTNING  ACTIVITY  LEVEL 
DATA  IN  THE  REGULAR  LIBRARY,  BUT  IS  STILL 


PRESENT  IN  THE  NEW  DATA  BEING  COLLECTED  (NEWDAT) 


REMOVED    WHEN    THAT    DATA     IS    MERGED    INTO    THE 
Exhibit  1.  — Sample  program  FJREDATALIB'PROGRAMS.LISTFILES  output. 


REGULAR 


IT  WILL 
LIBRARY, 


BE 


To  obtain  further  documentation  of  the  NFODL,  use 
the  following  run  stream: 


Image 
No. 
1 
2 
3 
4 
5 
6 


0         1  2  3  4 

12345678901 2345678901 2345678901 234567890 
©RUN, , , . 

A  NFODL- I NFORMAT ION . 
S  NFODL-  I NFORMAT ION. PETRI  EVE 
S  NFODL" INFORMAT ION . VARIABLES 
S  NFODL- I NFORMAT ION  CODES 


igASG  , 
@PRT 
@PRT 
@PRT 
(gF  I  N 


PROGRAM  RXBUILD 
RXBUILD  Initiation 

Use  program  CSSG*R1LIB. RXBUILD  to  enter  items 
from  the  RXBUILD  input  worksheet  to  a  DEMAND 
terminal.  A  file  (qual*rxbuild-dir.)  must  be  assigned  to 
logical  unit  7  to  hold  the  directives  written  by 
RXBUILD.  The  following  run  stream  is  used  to  initiate 
CSSG*R1LIB. RXBUILD  interactive  processing  at  a 
DEMAND  terminal  (step  4,  table  1,  and  fig.  1): 

12  3  4 

12345678901234567890  12345678901234567890 

A  CSSG-R1 LIB 
UP  qual-rxbuilddir. 
7.,qual-rxbuilcl-dir. 
CSSG-R1 L I B  RXBU I LD 

All  items  entered  from  the  RXBUILD  worksheet  into 
the  terminal  are  edited  and  written  onto  the  RXBUILD 
directive  file  named  "qual*rxbuild-dir.". 

RXBUILD  Data  Entry 

RXBUILD  first  asks  the  terminal  operator  whether  an 
introduction  is  to  be  printed.  The  introduction  contains 
one  screen  (24  lines)  of  program  description,  one  screen 
of  input  rules,  and  one  screen  of  interactive  program  in- 


Image 

0 

No. 

1234 

1 

©RUN 

2 

@ASG 

3 

@ASG 

4 

©USE 

5 

@XQT 

itiation  information.  RXBUILD  then  asks  if  an  update 
is  to  be  printed,  and  prints  the  date  of  the  last  update. 
The  update  will  contain  new  information  concerning 
RXBUILD  and  RXFIRES  use. 

RXBUILD  then  prompts  the  terminal  operator  for  all 
items  from  the  RXBUILD  input  worksheet.  The  follow- 
ing input  rules  apply: 

1.  All  numeric  entries  must  contain  a  decimEil  point. 
Failure  to  include  the  decimal  will  cause  an  error 
diagnostic  to  be  printed  to  the  terminal.  The  operator 
then  has  another  chance  to  correctly  reenter  the  data. 

2.  Entries  may  be  made  beginning  in  the  left-most 
column. 

3.  Program  execution  may  be  terminated  at  any  time 
by  entering  "STOP",  beginning  in  the  left-most  column 
(it  may  be  necessary  to  enter  "STOP"  twice  successive- 
ly). The  program  will  terminate  without  writing  a  direc- 
tive file  on  logical  unit  7. 

All  entries  are  checked  for  value-range  and  decimal 
point.  Self-explanatory  error  diagnostics  are  printed  to 
the  terminal  if  data  entries  are  out  of  range  or  do  not 
have  a  decimal  point.  The  operator  will  be  given  another 
chance  to  correctly  reenter  the  data  or  "STOP". 

After  all  input  items  have  been  correctly  entered, 
RXBUILD  asks  the  operator  whether  to  print  directions 
on  submitting  the  output  directive  file  for 
CSSG*R1LIB.RXBUILD2  processing.  The  instructions 
contain  two  screens  of  information  on  file  assignments 
and  run  streams.  This  information  is  discussed  in  the 
following  pages. 

A  sample  RXBUILD  input  session  is  shown  in  exhibit 
2  for  the  Cabinet  Wilderness  fire  management  plan.  The 
data  were  entered  from  the  sample  RXBUILD  input 
worksheets  shown  in  exhibit  3.  Detailed  instructions  for 
completing  RXBUILD  input  worksheets  are  given  in  the 
User's  Guide  (Bevins  £uid  Fischer  1983). 


IlASG.A   CSSe»RlLIB. 

FACILITY  WARNING   960208188880 

>SASG,CP  QUALIFIER»RXBUILD-DIR. 

READY 

>SUSE    7. ,OUALIFIER«RXBUILD-DIR. 

READY 

>3XQT     CSSG»R1LIB.RXBUILD 


BEGIN  CSSG»R1LIB.RXBU1LD 


DATE: 062283 


TIME: 185437 


ENTER  "YES"  IF  YOU  UANT  AN  INTRODUCTION. 
>YES 


PROGRAM 

LANGUAGE 

MACHINE 

USAGE 

PROGRAMMED 


CSSG»R1LIS.RXBUILD 

ASCII  3.9X-77  FORTRAN 

UNIVAC  1180/84 

INTERACTIVE  DEMAND  (80  CHARACTERS) 

COLLIN  D.  BEVJINS 

SYSTEMS  FOR  ENl^I  RONMENTAL  MANAGEMENT 

P.O.  BOX  3776 

MISSOULA,    MONTANA       59886 

<486)     549-7478 

BEVINS.C.D.,  AND  U.C.  FISCHER.   1982. 

A  COMPUTER  SYSTEM  FOR  TESTING  FIRE  MANAGEMENT 

PRESCRIPTIONS,  PART  II:  TERMINAL  OPERATORS'  MANUAL. 

USDA  FOREST  SERVICE  GEN.  TECH.  REP.  INT- 

INTERMTN.  FOREST  &  RANGE  EXPT .  STN . ,  OGDEN ,  UT .  84481 


HIT  CARRIAGE  RETURN  TO  CONTINUE. 


HIT  CARRIAGE  RETURN  TO  CONTINUE 

1 .  TITLE. 

ENTER  1  TO  88  CHARACTERS. 
> CAB  I  NET  WILDERNESS  AREA  FIRE  MANAGEMENT  PLAN 

2.  USER  NAME. 

ENTER  1  TO  88  CHARACTERS. 
> JOSEPH  M.  GLASSY 

3.  REGION  NAME  OR  NUMBER. 
ENTER  1  TO  88  CHARACTERS. 

>NORTHERN  REGION  (R01) 

4.  FOREST  NAME. 

ENTER  1  TO  80  CHARACTERS. 
>KOOTENAI  fJATIONAL  FOREST  (F14) 

5.  FOREST  ADP  CODE. 

ENTER  FOREST  ADP  CODE  FROM  1 .  TO  38 . 
INCLUDE  THE  DECIMAL  POINT. 


>14. 
6. 


NUMBER  OF  AFFIRMS  WEATHER  STATIONS. 
ENTER  FROM  1.  TO  18.  STATIONS. 
INCLUDE  THE  DECIMAL  POINT. 


>2. 


6.  1 .   6-DIGIT  ID  OF  AFFIRMS  STATION  NO.   1 

ENTER  4-DIGIT  ID  OF  LOWEST  NUMBERED  AFFIRMS  STATION. 

REMEMBER  THE  DECIMAL  POINT! 
>240112. 
6.     1.1.   AFFIRMS  STATION  NAME. 

ENTER  1  TO  28  CHARACTERS. 
>TROY  RD  AFFIRMS 


1  .2. 


>48. 
6.  1  . 


AND  12888 


AFFIRMS  STATION  ELEVATION. 
ENTER  THE  ELEVATION  BETWEEN  8. 
INCLUDE  THE  DECIMAL  POINT. 

AFFIRMS  STATION  LATITUDE. 
ENTER  LATITUDE  IN  DEGREES. 
INCLUDE  THE  DECIMAL  POINT. 


NFDRS  FUEL  MODEL. 

ENTER  LETTER  A  THROUGH  U  (EXCEPT  M) . 

NFDRS  SLOPE  CLASS. 

ENTER  SLOPE  CLASS  1.  THROUGH  5. 

INCLUDE  THE  DECIMAL  POINT. 


FEET. 


escape: 


NFDRS  HERBACEOUS  TYPE. 

ENTER  LETTER  P  (PERENNIAL)  OR  LETTER  A  (ANNUAL), 


IF  YOU  WISH  TO  TERMINATE  THIS  PROGRAM  AT  ANY  TIME, 
ENTER  THE  COMMAND  'STOP'  FOLLOWED  BY  A  CARRIAGE  RETURN. 


INPUT  RULES 


1 .   ALL  INFORMATION  MUST  BE  ENTERED  BEGINNING  IN  COLUMN  1 


2.   ALL  NUMERIC  DATA  MUST  INCLUDE  A  DECIMAL  POINT  . 

(TO  BE  SAFE,  TERMINATE  ALL  INPUT  WITH  A  DECIMAL  POINT.) 


HIT  CARRIAGE  RETURN  TO  CONTINUE. 


>3. 
6.  1  . 


>601 
6.  1 


>915. 
6.  1  . 


>1  . 
6.  1  , 


NFDRS  CLIMATE  CLASS. 

ENTER  CLIMATE  CLASS  1.  THROUGH  4. 

INCLUDE  THE  DECIMAL  POINT. 

NFDRS  GREENUP  DATE. 

ENTER  MONTH  AND  DAY  OF  YEARLY  GREENUP 

FOR  EXAMPLE,  ENTER  MAY  15  AS  "0515.". 

NFDRS  FIRST  FREEZE  DATE. 

ENTER  MONTH  AND  DAY  OF  FIRST  ANNUAL  FREEZE 

FOR  EXAMPLE,  ENTER  SEPT  1  AS  "8901.". 

NFDRS  WEEKDAY  MAN  RISK  FACTOR. 

ENTER  WEEKDAY  MAN  RISK  FACTOR  BETWEEN  8.  AND 

INCLUDE  THE  DECIMAL  POINT. 

NFDRS  WEEKEND  MAN  RISK  FACTOR. 

ENTER  WEEKEND  MAN  RISK  FACTOR  BETWEEN  8.  AND 

INCLUDE  THE  DECIMAL  POINT. 


•  »»»****»»»«*»**»♦♦♦»«*•»» 
CATALOG  YOUR  OUTPUT  I 

*iHHHt»******  *************  It 

CSSG»R1LIB.RXBUILD  IS  AN  INTERACTIVE  PROGRAM  THAT  ASKS  YOU 
FOR  INFORMATION  REQUIRED  TO  BUILD  A  FIRE  REPORT  AND  WEATHER 
DATA  FILE  FOR  SELECTED  DISTRICTS  ON  A  NATIONAL  FOREST. 

THE  PROGRAM  READS  EACH  PIECE  OF  INFORMATION  ENTERED,  CHECKS  IT 
FOR  OBVIOUS  ERRORS,  AND  WRITES  IT  TO  AN  OUTPUT  FILE  ON  UNIT  7 
FOR  YOUR  LATER  USE.   YOU  MUST  HAVE  3ASG  D  AND  SUSE'D  A  FILE  TO  HOLD 
THE  PROGRAM  OUTPUT  ON  LU  7  OR  IT  WILL  DISAPPEAR  AT  BFIN  TIME. 

THE  FOLLOWING  RUN  STREAM  SHOULD  BE  USED: 

1 .  SPUN, . . . 

2.  aASG,A   CSSG»R1LIB. 

3.  3ASG,CP  (YOUR  QUALI F I ER«FI LENAME ^ 

4.  aUSE  7., (YOUR  DUAL  I F I ER»FI LENAME )  . 

5.  SXQT     CSSG»R1LIB.RXBUILD 

IF  YOU  DID  NOT  FOLLOW  THE  ABOVE  PROCEDURE,  ENTER  'STOP' 
AND  TRY  AGAIN.   ENTER  CARRIAGE  RETURN  TO  CONTINUE. 


ENTER  "YES"  IF  YOU  WANT  THE  LATEST  UPDATE  (03/01/82). 
>YES 


NO  UPDATES  OR  ADDITIONS  TO  USERS'  OR  TERMINAL  OPERATORS'  MANUALS. 


>1  . 

6.  1  , 


>2. 

6,     1  . 


>53. 
6.    1 

.13.1 .2. 

>5. 
6.    1 

.13.1 .3. 

>62. 
6.     1 

.13.1.4. 

>69. 
6.     1 

. 13.2.1 . 

NFDRS  LIGHTNING  SCALING  FACTOR. 

ENTER  LIGHTNING  FACTOR  BETWEEN  8.  AND  188. 

INCLUDE  THE  DECIMAL  POINT. 

NO.  MANNING  VARIABLES. 

ENTER  0.  TO  3.  MANNING  VARIABLES  TO  BE  DEFINED. 

INCLUDE  THE  DECIMAL  POINT. 

.1.   BASE  VARIABLE  FOR  MANNING  VARIABLE  NO.  58. 
ENTER  CODE  OF  VARIABLE  USED  IN 
COMPUTING  THE  MANNING  VAR.  NO. 
ENTER  BASE  VARIABLE  CODE  31.  TO  57. 
INCLUDE  THE  DECIMAL  POINT. 


NO.  CLASSES  OF  MANNING  VARIABLE  NO.  58. 
ENTER  FROM  4.  TO  18.  CLASSES. 
INCLUDE  THE  DECIMAL  POINT. 

9eTH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  53. 
ENTER  90TH  PERCENTILE  VALUE. 
INCLUDE  THE  DECIMAL  POINT. 

97TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  53. 
ENTER  97TH  PERCENTILE  VALUE. 
INCLUDE  THE  DECIMAL  POINT. 

BASE  VARIABLE  FOR  MANNING  VARIABLE  NO.  59. 
ENTER  CODE  OF  VARIABLE  USED  IN 
COMPUTING  THE  MANNING  VAR.  NO. 
ENTER  BASE  VARIABLE  CODE  31.  TO  58. 
INCLUDE  THE  DECIMAL  POINT. 


>56. 

6.  1  , 


NO.  CLASSES  OF  MANNING  VARIABLE  NO. 
ENTER  FROM  4.  TO  10.  CLASSES. 
INCLUDE  THE  DECIMAL  POINT. 


59. 


Exhibit  2.— Sample  program  RXBUILD  data  entry  session. 


(con.) 


6.     1.13.2.3.   9eTH  PERCENTILE  k^ALUE  OF  BASE  k^ARIABLE  NO.  56. 
ENTER  98TH  PERCENTILE  WALUE. 
INCLUDE  THE  DECIMAL  POINT. 
>59. 

6.  1.13.2.4.   97TH  PERCENTILE  '-'ALUE  OF  BASE  VARIABLE  NO.  56. 
ENTER  97TH  PERCENTILE  1./ALUE. 
INCLUDE  THE  DECIMAL  POINT. 
>68. 
6.  2.   6-DlelT  ID  OF  AFFIRMS  STATION  NO.   2 

ENTER    6-DIGIT    ID    OF    NEXT    LDUEST    AFFIRMS    STATION. 
REMEMBER    THE    DECIMAL    POINT' 
>2<)ei  16. 
6.    2.1.       AFFIRMS    STATION    NAME. 

ENTER    1    TO    29    CHARACTERS. 
>BIG    SUEDE    MTN. 


6.  2.2. 


>4336. 
6.    2.3. 


>48. 

;..  2.4. 


>3. 

6.  2.4. 


>P 

6.  2.7. 


>3. 

6.  2.8. 


>60  1  . 
6.  2.9. 


>1 

6. 

2 

1  1 

>1 

6. 

2 

12 

AFFIRMS  STATION  ELEVATION. 

ENTER  THE  ELEVATION  BETWEEN  8.  AND  126108.  FEET. 

INCLUDE  THE  DECIMAL  POINT. 

AFFIRMS  STATION  LATITUDE. 
ENTER  LATITUDE  IN  DEGREES. 
INCLUDE  THE  DECIMAL  POINT. 

NFDRS  FUEL  MODEL . 

ENTER  LETTER  A  THROUGH  U  (EXCEPT  M) . 

NFDRS  SLOPE  CLASS. 

ENTER  SLOPE  CLASS  1.  THROUGH  5. 

INCLUDE  THE  DECIMAL  POINT. 

NFDRS  HERBACEOUS  TYPE. 

ENTER  LETTER  P  (PERENNIAL)  OR  LETTER  A  (ANNUAL). 

NFDRS  CLIMATE  CLASS. 

ENTER  CLIMATE  CLASS  1.  THROUGH  4. 

INCLUDE  THE  DECIMAL  POINT. 

NFDRS  GREENUP  DATE. 

ENTER  MONTH  AND  DAY  OF  YEARLY  GREENUP 

FOR  EXAMPLE,  ENTER  MAY  15  AS  "9515.". 

NFDRS  FIRST  FREEZE  DATE. 

ENTER  MONTH  AND  DAY  OF  FIRST  ANNUAL  FREEZE 

FOR  EXAMPLE,  ENTER  SEPT  1  AS  "9991.". 

NFDRS  WEEKDAY  MAN  RISK  FACTOR. 

ENTER  WEEKDAY  MAN  RISK  FACTOR  BETWEEN  9.  AND  190. 

INCLUDE  THE  DECIMAL  POINT. 

NFDRS  WEEKEND  MAN  RISK  FACTOR. 

ENTER  WEEKEND  MAN  RISK  FACTOR  BETWEEN  8.  AND  199. 

INCLUDE  THE  DECIMAL  POINT. 

NFDRS  LIGHTNING  SCALING  FACTOR. 

ENTER  LIGHTNING  FACTOR  BETWEEN  0.  AND  199. 

INCLUDE  THE  DECIMAL  POINT. 

NO.  MANNING  VARIABLES. 

ENTER  0.  TO  3.  MANNING  VARIABLES  TO  BE  DEFINED. 

INCLUDE  THE  DECIMAL  POINT. 


>2. 

6.  2.13.1.1. 


>53. 
6.  2.  1  ; 


>5. 

6.  2.13.1, 


>62. 

6.  2.13.1 .4. 


>69. 

6.  2. 13.2. 1 . 


>56. 

6.  2. 13.2.2. 


BASE  VARIABLE  FOR  MANNING  VARIABLE  NO.  58. 
ENTER  CODE  OF  VARIABLE  USED  IN 
COMPUTING  THE  MANNING  VAR.  NO. 
ENTER  BASE  VARIABLE  CODE  31.  TO  57. 
INCLUDE  THE  DECIMAL  POINT. 

NO.  CLASSES  OF  MANNING  VARIABLE  NO.  58. 
ENTER  FROM  4.  TO  16.  CLASSES. 
INCLUDE  THE  DECIMhL  POINT. 

90TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  53. 
ENTER  90TH  PERCENTILE  VALUE. 
INCLUDE  THE  DECIMAL  POINT. 

97TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  53. 
ENTER  97TH  PERCENTILE  VALUE. 
INCLUDE  THE  DECIMAL  POINT. 

BASE  VARIABLE  FOR  MANNING  VARIABLE  NO.  59. 
ENTER  CODE  OF  VARIABLE  USED  IN 
COMPUTING  THE  MANNING  VAR.  NO. 
ENTER  BASE  VARIABLE  CODE  31.  TO  58. 
INCLUDE  THE  DECIMAL  POINT. 

NO.  CLASSES  OF  MANNING  VARIABLE  NO.  59. 
ENTER  FROM  4.  TO  10.  CLASSES. 
INCLUDE  THE  DECIMAL  POINT. 


>iei  . 

19.   ENDING  SEASON  DATE. 

LAST  MONTH  AND  DAY  OF  FIRE  AND  WEATHER  DATA  TO  BE  USED. 

ENTER  IN  MMDD  FORMAT  INCLUDE  DECIMAL  POINT. 
FOR  EXAMPLE,  ENTER  SEPT  1  AS  "9991.". 
>1231 . 

1 1 .  NFWDL  FILE  NAME. 

ENTER  NAME  OF  NFWDL  FILE  CONTAINING  STATION  YEAR  LIMITS  OF  24911270. 
ENTER  FILENAME  AND  TERMINATE  WITH  A  PERIOD. 
>21-24. 

12.  NUMBER  OF  DISTRICTS. 

ENTER  FROM  1.  TO  19.  DISTRICTS  WHOSE  FIRE  REPORTS  ARE  TO  BE  MATCHED 
WITH  AFFIRMS  STATION  WEATHER  DATA.   INCLUDE  DECIMAL  POINT. 

>3. 

12.  1.1.   DISTRICT  NAME. 

ENTER  FROM  1  TO  29  CHARACTERS. 

>TROY  (D4) 

12.  1.2. 


>4. 
1  2. 


DISTRICT  ADP  CODE. 

ENTER  ADP  CODE  (AND  DECIMAL  POINT)  AS  USED  ON  5109-29  REPORTS. 

DISTRICT  AFFIRMS  STATION. 

ENTER  SEQUENTIAL  NUMBER  (FROM  COLUMN  U  OF  AFFIRMS  STATION 

REPRESENTING  TROY  ( D4 i  DISTRICT. 

ASSIGN  ONE  OF  THE  FOLLOWING  STATIONS  (1.-  2.)! 

1.  249112   TROY  RD  AFFIRMS 

2.  249116   BIG  SWEDE  MTN. 


DISTRICT  NAME. 

ENTER  FROM  1  TO  29  CHARACTERS. 

DISTRICT  ADP  CODE. 

ENTER  ADP  CODE  (AND  DECIMAL  POINT)  AS  USED  ON  5190-29  REPORTS. 

DISTRICT  AFFIRMS  STATION. 

ENTER  SEQUENTIAL  NUMBER  (FROM  COLUMN  1)  OF  AFFIRMS  STATION 

REPRESENTING  LIBBr  <D5>  DISTRICT. 

ASSIGN  ONE  OF  THE  FOLLOWING  STATIONS  (1.-  2.): 

1.  240112   TROY  RD  AFFIRMS 

2.  240116   BIG  SWEDE  MTN. 

>2. 

12.  3.1.   DISTRICT  NhME  . 

ENTER  FROM  1  TO  20  CHARACTERS. 
>CABINET  (D7) 
12.  3.2.   DISTRICT  ADP  CODE. 

ENTER  ADP  CODE  (AND  DECIMAL  POINT)  AS  USED  ON  5190-29  REPORTS. 


>1 . 

12. 

2. 

1  . 

>LIBBY 

(05 

1  2. 

2. 

^. 

>5. 

12. 

2. 

3. 

>7 . 
1  2. 


>2. 
1  3. 


DISTRICT  AFFIRMS  STATION. 

ENTER  SEQUENTIAL  NUMBER  (FROM  COLUMN  1)  OF  AFFIRMS  STATION 

REPRESENTING  CABINET  (D7)  DISTRICT. 

ASSIGN  ONE  OF  THE  FOLLOWING  STATIONS  (1.-  2.)! 

1.  240112   TROY  RD  AFFIRMS 

2.  240116   BIG  SWEDE  MTN. 


FIRE  REPORT  FILE  LISTING. 

ENTER  "YES"  IF  YOU  WANT  A  FIRE  REPORT  FILE  LISTING. 


14.   WEATHER  DATA  FILE  LISTING. 

ENTER  "YES"  IF  YOU  WANT  A  WEATHER  FILE  LISTING. 
>YES 


ENTER  "YES"  IF  YOU  WANT  A  SAMPLE  CSSG»R1 LI B . RXBUI LD2  RUN  STREAM. 
>YES 


PROCEDURE  TO  BUILD  FIRE  REPORT  AND  WEATHER  DATA  FILES 

TO  CREATE  THE  FIRE  REPORT  AND  WEATHER  DATA  FILES,  YOU  MUST 
ASSIGN  AND  USE  THE  FOLLOWING  FILES: 

1.  SASG.A   THE  RXBUILD  DIRECTIVE  FILE  r OU  JUST  CREATED  BY  THIS 

PROGRAM . 

2.  SASG,A   A  FILE  CONTAINING  FIRE  REPORTS  GENERATED  BY  THE  NATL. 

FIRE  OCCURRENCE  LIBRARY  NFODL»PROGRAMS . PETRI  EVE  PROGRAM. 

3.  SASG.CP  A  FILE  TO  CONTAIN  THE  NEWLY  GENERATED  FIRE  REPORT  FILE. 

4.  aASG.CP  A  FILE  TO  CONTAIN  THE  NEWLY  GENERATED  WEATHER  DATA 

FILE. 


2.13.2.3.   99TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO. 
ENTER  90TH  PERCENTILE  VALUE. 
INCLUDE  THE  DECIMAL  POINT. 


>59. 

6.  2.13.2.4. 


97TH  PERCENTILE  VALUE  OF  BASE  VARIABLE  NO.  56 
ENTER  97TH  PERCENTILE  VALUE. 
INCLUDE  THE  DECIMAL  POINT. 
>68. 

7.  BEGINNING  YEAR. 

FIRST  YEAR  OF  FIRE  REPORTS  AND  WEATHER  DATA  TO  BE  USED. 
ENTER  LAST  2  DIGITS  AND  INCLUDE  THE  DECIMAL  POINT. 
>79. 

8.  ENDING  YEAR. 

LAST  YEAR  OF  FIRE  REPORTS  AND  WEATHER  DATA  TO  BE  USED. 
ENTER  LAST  2  DIGITS  AND  INCLUDE  THE  DECIMAL  POINT. 


HIT  CARRIAGE  RETURN  TO  CONTINUE. 
> 


BEGINNING  SEASON  DATE. 

FIRST  MONTH  AND  DAY  OF  FIRE  AI-ID  WEATHER  DATA  TO  BE  USED. 
ENTER  IN  MMDD  FORMAT  INCLUDE  DECIMAL  POINT. 

FOR  Example,  enter  may  15  as  "9515.-. 


Exhibit  2— (con.) 


THE  FOLLOWING  PROCEDURE  SHOULD  BE  USED   (USE  YOUR  OU)N  QUALIFIER 

AND  FILENAMES  TO  REPLACE  THOSE  IN  PARENTHESIS  BELOUI): 

1  .  SPUN,  .  .  . 

2.  SASG.A     (INPUT  DIRECTIiJE  FILE  YOU  JUST  CREATED* 

3.  SASG.A     (NFODL  FIRE  REPORT  FILE) 

4.  SUSE   la., (NFODL  FIRE  REPORT  FILE) 

5.  SDELETE.C  (FILE  TO  CONTAIN  FIRE  REPORT  OUTPUT) 

6.  SASG.CP    (FILE  TO  CONTAIN  FIRE  REPORT  OUTPUT) 

7.  SUSE    3., (FILE  TO  CONTAIN  FIRE  REPORT  OUTPUT) 
e.  aDELETE,C  (FILE  TO  CONTAIN  WEATHER  DATA  OUTPUT) 

9.  SASG.CP    (FILE  TO  CONTAIN  WEATHER  DATA  OUTPUT) ,F40///80e . 

le.  SUSE    8., (FILE  TO  CONTAIN  WEATHER  DATA  OUTPUT) 

11.  SADO.P     (INPUT  DIRECTIVE  FILE  YOU  JUST  CREATED) 

12.  SF  I N 


END  CSSG»R1LIB.RXBUILD  DATE:  962283       TIME:  118450 

>aFIN 


RUNID:  S22CDB    ACCT:  1122314412      PROJECT:  SEMLIB 

»•«••  DISPLAYED  LOG  ENTRY  SECTION  ♦♦♦«» 
1 1 :05: 19         S22CDB  FIN 

..♦..  RESOURCE  UTILIZATION  SECTION  •»••» 

RESOURCE  AUG 

TIME  CPU  10  CCER       SIZE 

00:00:01.979  00:00:00.364  00:00:81.459  88:80:07.470    6K   SUMMARY 

IMAGES   READ:    82         PAGES:   8 

START:     10:53:28  JUN  22,1983     FIN:   11:05:19  JUN  22,1983 

»»»»»  COST  SECTION  •*♦•« 

CHARGES  BASED  ON    DEMAND  RUN 


RT  (t091 . 35/MIN) 
CPU  (»002.88/MIN) 
10  (»0ei .S0/MIN) 
CCER(*002.88/MIN) 


1000000.04 
$000000 .01 
$000000. 03 
$008000 .35 


CONNECT  TIME  CHARGE:  $088881.19 
ESTIMATED  TOTAL  COST :$00000 1 . 62 


•TERMINAL  INACTIVE* 
> 


Exhibit  2— (con.) 


Date  sD  "CP^  RXBUILD  INPUT  WORKSHEET 

SHEET  NO.  1  ~  RUN  IDENTIFICATION 

1.  TITLE.  (Enter  1  to  80  characters.) 

CABiNtT  wuae£ A/ess,    F,ttf  MaA/A/jejht^AA- om/ 

2.  USER  NAME.   (Enter  1  to  80  characters.) 

COLLlAl   V.  ^B\/lAiS 


3.    REGION  NAME  OR  NUMBER.   (Enter  1  to  80  characters.) 


4.    FOREST  NAME.   (Enter  1  to  80  characters.) 

\^OOTtNAf 


5.  FOREST  ADP  CODE.  _t ^ ^ 

6.  NUMBER  OF  AFFIRMS  WEATHER  STATIONS  TO  BE  USED 

IN  THIS  RUN.-^  ^  JL 

List  of  AFFIRMS  stations  to  be  used.   List  in  order  of  increasing 
station  number  -  smallest  number  first,  largest  number  last. 

6.1.    r^oV :i'/a//z. 


6.< 

6._ 

6. 

6._ 

6. 


B/6   SWSDE. 


—     Complete  a  separate  Sheet  No.  2  for  each  of  the  AFFIRMS  stations 


listed  in  Item  No.  6  above. 


Page   I   of  f 


Exhibit  3a.— Sample  RXBUILD  Input  Worksheet  No.  1,  Run  Identitication. 


5-89. 


Date   -^   ^-''^  RXBUILD  INPUT  WORKSHEET 


SHEET  NO.  2  ~  AFFIRMS  STATION  PARAMETERS 


6._|_.      6-DIGIT  AFFIRMS  STATION  ID.  ^jL9-  I-  L.'^ 


6.  I  .1     AFFIRMS  STATION  NAME.- 


1/ 


TT^g/   R^   AFff/ZfA^ 


6.J_.2  AFFIRMS  STATION  ELEVATION.  L3-  ^Q-  -L. 

6._(_-3  AFFIRMS  STATION  LATITUDE.  ^ Ql  J_ 

6._|_.4  NFDRS  FUEL  MODEL.  ^ 

6._(_.5  NFDRS  SLOPE  CLASS.  >2.  _1 

6._!_.6  NFDRS  HERBACEOUS  TYPE.  £ 

6._l_.7  NFDRS  CLIMATE  CLASS.  s2.  _!_ 

6.J_.8  NFDRS  GREENUP  DATE.  ^    0_  J_ »_ 

6._j_.9  NFDRS  FIRST  FREEZE  DATE.  ^  J_^ J_ 

6._|_.  10  NFDRS  WEEKDAY  MAN  RISK  FACTOR.  /_  _;_ 

6.J_.  11  NFDRS  WEEKEND  MAN  RISK  FACTOR.  / \ 

6._.  12  NFDRS  LIGHTNING  SCALING  FACTOR.  /_  _j_ 

6.  '  .13  NUMBER  OF  MANNING  VARIABLES.-  o^   . 


—  20  characters  maximum. 

2/ 

—  Complete  Sheet  No.  3  if  Item  No.  6. .13  is  greater  than  0.   A 

separate  Sheet  No.  3  must  be  completed  for  each  AFFIRMS  station 
indicated  In  Item  6,  Sheet  No.  1. 


Page 


^o.Z 


Exhibit  3b.— Sample  RXBUILD  Input  Worksheet  No.  2,  AFFIRMS  Station 
Parameters,  for  first  AFFIRMS  station  to  be  used  in  this  run  (AFFIRMS 
station  with  smallest  ID  number). 

10 


3-8^ 


^^^^       %P   C/*S.  RXBUILD  INPUT  WORKSHEET 

SHEET  NO.  3  —  RUN  IDENTIFICATION 
AFFIRMS  STATION  NO.  ^^  0_  _L  J_  ^ 

MANNING  VARIABLE  NO.  1 

6._/_.  13.1.1    BASE  VARIABLE  FOR  MANNING  LEVEL.  >^3^  J_ 

6. _[_.  13.1.2    NO.  OF  MANNING  LEVEL  CLASSES.  >■£.:_ 

6. _(_.  13.1.3    90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       ^  A  _!. 

6._[_.13.1.4    97th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       ^  5_  JL 

MANNING  VARIABLE  NO.  2 

6._|_.13.2.1    BASE  VARIABLE  FOR  MANNING  LEVEL.  ^ A  _!. 

6. _[_.  13.2.2    NO.  OF  MANNING  LEVEL  CLASSES.  ^_L. 

6._!_.13.2.3    90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       ^f^  J_ 

6.J_.  13.2.4    97th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       B.  8. — 

MANNING  VARIABLE  NO.  3 

6. .13.3.1    BASE  VARIABLE  FOR  MANNING  LEVEL.  

6. .13.3.2    NO.  OF  MANNING  LEVEL  CLASSES.  

6. .13.3.3    90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.       

6.   .13.3.4    97th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 


Page^J_  of 
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Exhibit  3c.— Sample  RXBUILD  Input  Worksheet  No.  3,  Manning  Variable 
Parameters,  for  first  AFFIRMS  station  to  be  used  in  this  run  (AFFIRMS 
station  with  smallest  ID  number). 

11 


3'2A 


Date  ^  aa\  RXBUJI.l)  INIMIT  WORKSHEKT 

SHEET  NO.  2  ~  AFFIRIIS  STATION  PARAMETERS 

6.2^.  6-DIGIT  AFFIW1S  STATION  ID.  ^H^  ^ Q_  J_  _/_  J^  _i 

6._^.  1  AFFIRMS  STATION  NAME.-        ^/G    S(jJ^J>€    /»?  TTV 

6._^.2  AFFIRMS  STATION  ELEVATION.  ^ 3.  3.  ^  ^L 

6._2<.3  AFFIRMS  STATION  LATITUDE.  bt  S.  .L- 

6.^.4  NFDRS  FUEL  MODEL.  *                  ^ 

6.j^.5  NFDRS  SLOPE  CLASS.  2.  J_ 

6.V-6  NFDRS  HERBACEOUS  TYPE.  ^ 

^J^.l  NFDRS  CLIMATE  CLASS.  ^     • 

6.1^.8  NFDRS  GREENUP  DATE.  (o.  ^  i_  1_ 

6.2;^.  9  NFDRS  FIRST  FREEZE  DATE.  i  J.'^  1_ 

6.^.10  NFDRS  WEEKDAY  MAN  RISK  FACTOR.  /_  _^ 

6.^.11  NFDRS  WEEKEND  MAN  RISK  FACTOR.  J_  J_ 

6.V12  NFDRS  LIGHTNING  SCALING  FACTOR.  J_  J_ 

6.2:^.13  NUMBER  OF  MANNING  VARIABLES.-  ^  _!_ 


—  20  characters  maximum. 

2/ 

—  Complete  Sheet  No.  3  if  Item  No.  6. .13  is  greater  than  0.   A 

separate  Sheet  No.  3  must  be  completed  for  each  AFFIRMS  station 
indicated  in  Item  6,  Sheet  No.  1. 


Page 


_^of^ 


Exhibit  3d.— Sample  RXBUILD  Input  Worksheet  No.  2,  AFFIRMS  Station 
Parameters,  for  second  AFFIRMS  station  to  be  used  in  this  run 
(AFFIRMS  station  with  largest  ID  number). 


12 


j-/;i. 


Date   J^P  ^^  RXBUILD  INPUT  WORKSHEET 

SHEET  NO.  3  —  RUN  IDENTIFICATION 
AFFIRMS  STATION  NO.  ^  ¥_    0^  J_  J_  ^ 

MANNING  VARIABLE  NO.  1 
6. _<^.  13.1.1    BASE  VARIABLE  FOR  MANNING  LEVEL.  j^^  _1 

6. _^.  13.1.2    NO.  OF  MANNING  LEVEL  CLASSES.  3^  * 

6. _<^.  13.1.3    90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.  ^^_L 

6.j;^.13.1.4    97th  PERCENTILE  VALUE  OF  BASE  VARIABLE.  ^  5.  _L 

MANNING  VARIABLE  NO.  2 
6.^.13.2.1    BASE  VARIABLE  FOR  MANNING  LEVEL.  j^^  _!. 

6. gZ. 13.2.2    NO.  OF  MANNING  LEVEL  CLASSES.  ^  1_ 

6._^.13.2.3    90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.  ^TL -L. 

6.i.l3.2.4    97th  PERCENTILE  VALUE  OF  BASE  VARIABLE.  ^  5_  _!_ 

MANNING  VARIABLE  NO.  3 

6. .13.3.1     BASE  VARIABLE  FOR  MANNING  LEVEL.  

6. .13.3.2    NO.  OF  MANNING  LEVEL  CLASSES.  

6. .13.3.3    90th  PERCENTILE  VALUE  OF  BASE  VARIABLE.  

6.   .13.3.4    97th  PERCENTILE  VALUE  OF  BASE  VARIABLE. 


Page 


S"  oil 


Exhibit  3e.— Sample  RXBUILD  Input  Worksheet  No.  3,  Manning  Variable 
Parameters,  for  second  AFFIRMS  station  to  be  used  in  this  run 
(AFFIRMS  station  with  largest  ID  number). 
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Date   «*^  " OoL  RXBUILD  INPUT  WORKSHEET 

SHEET  NO.  4  ~  DATE  PARAMETERS 

7.  BEGINNING  YEAR.  ^^_L 

8.  ENDING  YEAR.  S'jQ  _!_ 

9.  BEGINNING  SEASON  DATE.  /  _^  _L  _L 

10.  ENDING  SEASON  DATE.  _/ J^  Jl^ -Z- _!. 

11.  NFWDL  FILE  NAME.  ^J_J!1^JLJ 

12.  NUMBER  OF  DISTRICTS.-  *?  _L 

13.  FIRE  REPORT  LISTING?  j^  £_-?. 

14.  WEATHER  DATA  FILE  LISTING?  Y-£_'^ 


—     Information  on  each  District  indicated  here  included  on  a  Sheet  No, 


5,  District  Parameters. 

Page     \c       of     / 
Exhibit  3f.— Sample  RXBUILD  Input  Worksheet  No.  4,  Date  Parameters. 
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3-62. 


Date  J*  Oc»  RXBUILD  INPUT  WORKSHEET 


SHEET  NO.  5  ~  DISTRICT  PARAMETERS 


12.3.1 
12.3.2 


/ 


DISTRICT  NO.  

12.1.1    DISTRICT  NAME.   TI^O  /     ^  T 


12.1.2  DISTRICT  ADP  CODE.  jjf_l 

12.1.3  DISTRICT  AFFIRMS  STATION.  (7Sl)y-#? 4^^// A.^  /_  _• 


DISTRICT  NO.  #S». 
12.2.1    DISTRICT  NAME.   L  9 SB  Y         0^» 


12.2.2  DISTRICT  ADP  CODE. 

12.2.3  DISTRICT  AFFIRMS   STATION,  f  04^  S|V/W  -  jy^//#J 


DISTRICT  NO, 


DISTRICT  NAME.   Ch%iJ^€7^        "07 


DISTRICT  ADP  CODE.  7_j. 

12.3.3    DISTRICT  AFFIRMS  STATION. (|;Jx^5*^/fi£-2y^/i|l)    Sl  _1 


Page 


7o£Z 


Exhibit  3g.— Sample  RXBUILD  Input  Worksheet  No.  5,  District 
Parameters.  Sheet  No.  5  must  contain  information  about  each  Ranger 
District  indicated  in  item  12,  sheet  No.  4. 
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RXBUILD  Batch  Processing 

Program  CSSG*R1LIB. RXBUILD  creates  a  directive 
file  (qual*rxbuild-dir.)  that  must  be  @ADD'ed  to  initiate 
batch  processing  of  CSSG*R1LIB.RXBUILD2  from  a 
DEMAND  terminal  (step  5,  table  1,  and  fig.  1).  Data 
files  assigned  to  the  run  include  the  NFODL  fire  report 
file  (NFOrrffSPSS*mmddyyhhmmss.),  an  output  file  to 
contain  the  processed  fire  report  data  (qual*firefile.),  and 
£m  800-track  output  file  to  contain  the  processed  AF- 
FIRMS fire-weather  data  (qual*weatherfile.). 

The  following  run  stream  is  used  to  initiate  RXBUILD 
batch  processing  from  a  DEMAND  terminal: 


Image 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


0 

12345678 
©RUN  ... 
@ASG  ,  A 
@USE     10- 
©ASG.CP 
3  . 
CP 


12  3  4 

(0  1234567890  1234567890 1234567890 

NFOr  r  f  I  SPSS -mrndd  y  y hhmmss . 
NFOr  r  f  f  SPSS •mmd d y y h hmms s . 


@USE 
@ASG 
©USE 
@ASG 
@ADD 
@FIN 


q  u  a  I 
q  u  a  I 
q  u  a  I 
q  u  a  I 
q  ua  I 
q  u  a  I 


■  f  I  r  e  f  i  I  e  , 
'  f  i  r  e  f  i  I  e  . 

' we  a  t  he  r  f  i  I e 

■  we  a  t  he  r  f  i  I e 
'rxbuild-dir 
'rxbui  Id-di  r 


r40 / / / 800 


It  is  not  necessary  to  @ASG  the  Region  1  shared 
library  or  @XQT  the  executable  element  RXBUILD2 
because  these  steps  are  performed  dynamically  from  the 
RXBUILD  directive  file  (qual*rxbuild-dir.). 

The  two  mass  storage  output  files  "qual*firefile."  and 
"qual*weatherfile."  are  available  for  6  calendar  days 
following  their  creation  by  the  above  run  stream  unless 
@SAVE'd  for  a  longer  period.  It  is  generally  less  expen- 
sive to  re-create  both  data  files  as  needed  rather  than 
@SAVE  more  than  800  tracks  of  mass  storage. 

RXBUILD  Costs 

DEMAND  terminal  data  entry  using  program 
RXBUILD  takes  less  than  20  minutes  for  the  example 
in  exhibit  2.  Total  time  would  be  less  if  no  introductory, 
update,  or  initiation  information  were  requested. 
DEMAND  costs  for  the  example  were  $0.46,  and  con- 
nect time  charges  $1.48,  for  a  total  cost  of  less  than  $2. 

Executable  element  RXBUILD2  batch  processing  of 
the  directive  file  created  in  exhibit  2  cost  $4.72  at  P 
priority.  The  cost  includes 

FIREDATALIB*PR0GRAMS.GETDATA2  processing 
to  retrieve  fire-weather  observations  from  the  NFWDL 
and  NFDR78*FIREFAMILY.FIREDAT1  processing  to 
derive  NFDRS  indices.  Both  routines  are  dynamically 
assigned  and  initiated  during  RXBUILD  batch 
processing. 


PROGRAM  RXFIRES 
RXFIRES  Initiation 

Use  program  CSSG*R1LIB. RXFIRES  to  enter  items 
from  the  RXFIRES  input  worksheets  to  a  DEMAND 
terminal.  A  file  (qual*rxfires-dir.)  must  be  assigned  to 
logical  unit  7  to  hold  the  directives  written  by 
RXFIRES.  The  following  run  stream  is  used  to  initiate 
CSSG*R1LIB. RXFIRES  interactive  processing  at  a 
DEMAND  terminal  (step  8,  table  1,  and  fig.  1). 

Image  0  12  3  4 

No,  1234567890123456789012345678901234567890 

1  @RUN , . , 

2  ©ASG.A    CSSG'RILIB. 

3  (gASG  ,UP  quai'rxfires-dir. 

4  ©USE  7.qual*rxfires-dir. 

5  @XQT  CSSG' R1 L I B    RXF I  RES 

All  items  entered  from  the  RXFIRES  worksheet  into 
the  terminal  are  edited  and  written  onto  the  RXFIRES 
directive  file  named  "qual*rxfires-dir.". 

RXFIRES  Data  Entry 

RXFIRES  first  asks  the  terminal  operator  whether  an 
introduction  is  to  be  printed.  The  introduction  conteiins 
one  screen  (24  lines)  of  program  description,  one  screen 
of  input  rules,  one  screen  of  RXFIRES  interactive  initia- 
tion procedures,  one  screen  of  file  assignment  informa- 
tion, and  one  screen  of  RXFIRES  batch  processing  in- 
itiation information.  All  these  topics  are  discussed  in  the 
following  pages. 

RXFIRES  then  prompts  the  terminal  operator  for  all 
items  from  the  RXFIRES  input  worksheet.  The  follow- 
ing rules  apply: 

1.  All  numeric  entries  must  contain  a  decimal  point. 
Failure  to  include  the  decimal  will  cause  an  error 
diagnostic  to  be  printed  to  the  terminal.  The  operator 
then  has  another  chance  to  correctly  reenter  the  data. 

2.  Numeric  entries  may  be  either  right-  or  left-justified 
within  the  entry  field  provided. 

3.  Program  execution  may  be  terminated  at  any  time 
by  entering  "STOP"  beginning  in  the  left-most  column 
(it  may  be  necessary  to  enter  "STOP"  twice  successive- 
ly). The  program  will  terminate  without  creating  a  direc- 
tive file  on  logical  unit  7. 

All  entries  are  checked  for  vzdue-range  and  decimal 
point.  Self-explanatory  error  diagnostics  are  printed  to 
the  terminal  if  data  entries  are  out  of  range  or  do  not 
have  a  decimal  point.  The  operator  will  be  given  another 
chance  to  correctly  reenter  the  data  or  "STOP". 

A  sample  RXFIRES  input  session  is  shown  in  exhibit 
4  for  the  Cabinet  Wilderness  Area  fire  management  plan. 
The  data  were  entered  from  the  sample  RXFIRES  input 
worksheets  shown  in  exhibit  5. 
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3ASG,A   CSS6»R1LI8. 

FACILITY  WARNING   088299068880 

>aASG,CP    QUALIFIER«RXFIRES-DIR. 

READY 

>SUSE  7. ,QUALIFIER»RXFIRES-DIR. 

READY 

>SXQT  CSSG»R1LIB.RXFIRES 


BEGIN  CSSG»R1LIB.RXF1RES 


HIT  CARRIAGE  RETURN  TO  CONTINUE. 


THE  FOLLOWING  PROCEDURE  SHOULD  BE  USED   (USE  YOUR  OWN  QUALIFIER 
AND  FILENAMES  TO  REPLACE  THOSE  IN  PARENTHESIS  BELOW): 


3RUN , . . . 

3ASG,A   (RXFIRES  DIRECTIVE  FILE  YOU  JUST  CREATED) 
31ASG,A   (FIRE  REPORT  FILE  CREATED  BY  RXBUILD) 
3USE  3., (FIRE  REPORT  FILE  CREATED  BY  RXBUILD) 
aASG.A   (FIRE  WEATHER  FILE  CREATED  BY  RXBUILD) 
SUSE  8., (FIRE  WEATHER  FILE  CREATED  BY  RXBUILD) 
SADD.P   (RXFIRES  DIRECTIVE  FILE  YOU  JUST  CREATED) 
8FIN 


ENTER  "YES"  IF  YOU  WANT  TO  SEE  INTRODUCTION. 
>YES 


PROGRAM 

LANGUAGE 

MACHINE 

USAGE 

PROGRAMMED 


REFERENCE 


CSSG«R1LIB. RXFIRES 

ASCII  3.9X-77  FORTRAN 

UNI VAC  1189/84 

INTERACTIVE  DEMAND  (88  CHARACTERS) 

COLLIN  D.  BEVINS 

SYSTEMS  FOR  ENVIRONMENTAL  MANAGEMENT 

P.O.  BOX  3776 

MISSOULA,  MONTANA   59886 

(406)  549-7478 

BEVINS, CD.,  AND  W.C.  FISCHER.   1932. 

A  COMPUTER  SYSTEM  FOR  TESTING  FIRE  MANAGEMENT 

PRESCRIPTIONS,  PART  II:  TERMINAL  OPERATORS'  MANUAL. 

USDA  FOREST  SERVICE  GEN.  TECH.  REP.  INT- 

INTERMTN.  FOREST  &  RANGE  EXPT .  STN . ,  DGDEN ,  UT .  8448  1 


HIT  CARRIAGE  RETURN  TO  CONTINUE. 


1  .  RUN  NAME . 

ENTER  FROM  1  TO  88  CHARACTERS. 
>CABINET  WILDERNESS  AREA  FIRE  MANAGEMENT  PLAN:  RUN  NO.  1 

2.  USER  NAME. 

ENTER  FROM  1  TO  88  CHARACTERS. 
> JOSEPH  M.  GLASSY 

3.  EXCLUSION  CRITERIA. 

ENTER  A  VARIABLE  CODE  FROM  1.  TO  68.  UNDER  THE  COLUMN   HEADED  "NO. 

ENTER  AN  ARGUMENT  UNDER  COLUMN  HEADED  "AR". 
THE  ARGUMENTS  ARE  EO .NE . GT , LT , 6E ,LE . 

ENTER  VALUE  OF  1  TO  18  DIGITS  UNDER  THE 

COLUMN  HEADING  "1234567898". 

HIT  CARRIAGE  RETURN  TWICE  TO  CONTINUE  TO  NEXT  STEP. 


YOU  MAY  ENTER  FROM  8.  TO  99.  EXCLUSION  CRITERIA. 
...INCLUDE  THE  DECIMAL  POINT... 


NO.  AR  1234547898. 


IF  YOU  WISH  TO  TERMINATE  THIS  PROGRAM  AT  ANY  TIME, 
ENTER  THE  COMMAND   STOP'  FOLLOWED  BY  A  CARRIAGE  RETURN. 


INPUT  RULES 


1.   ALL  INFORMATION  MUST  BE  ENTERED  BEGINNING  IN  COLUMN  1 


ALL  NUMERIC  DATA  MUST  INCLUDE  A  DECIMAL  POINT  . 

(TO  BE  SAFE,  TERMINATE  ALL  INPUT  WITH  A  DECIMAL  POINT.) 


>26.  LT  4. 

>  4.  LT  4. 

>  4.  GT  7. 

>  4.  EQ  6. 


SUPPRESSION  CRITERIA. 

ENTER  A  VARIABLE  CODE  FROM  1.  TO  68.  UNDER  THE  COLUMN   HEADED  "NO. 

ENTER  AN  ARGUMENT  UNDER  COLUMN  HEADED  "AR" . 
THE  ARGUMENTS  ARE  EQ ,NE , GT , LT ,GE ,LE . 

ENTER  VALUE  OF  1  TO  18  DIGITS  UNDER  THE 
COLUMN  HEADING  "1234567898". 

ENTER  NUMBER  OF  DAYS  PRIOR  TO  FIRE  START  THAT  SUPPRESSION 
CRITERIA  IS  ENFORCED  UNDER  COLUMNS  HEADED  "DAYS". 

YOU  MAY  ENTER  FROM  8.  TO  99.  SUPPRESSION  CRITERIA. 
HIT  CARRIAGE  RETURN  TWICE  TO  CONTINUE  TO  NEXT  STEP. 


HIT  CARRIAGE  RETURN  TO  CONTINUE. 


CATALOG  YOUR  OUTPUT' 


CSSG»R1 LIB. RXFIRES  IS  AN  INTERACTIVE  PROGRAM  THAT  ASKS  YOU 
FOR  INFORMATION  REQUIRED  TO  BUILD  A  DIRECTIVE  FILE  TO  SADD 
TO  TEST  ALTERNATIVE  UNSCHEDULED  FIRE  PRESCRIPTIONS. 

THE  PROGRAM  READS  EACH  PIECE  OF  INFORMATION  ENTERED,  CHECKS  IT 

FOR  OBVIOUS  ERRORS,  AND  WRITES  IT  TO  AN  OUTPUT  FILE  ON  UNIT  7 

FOR  YOUR  LATER  USE.   YOU  MUST  HAVE  SASG'D  AND  SUSE'D  A  FILE  TO  HOLD 

THE  PROGRAM  OUTPUT  ON  LU  7  OR  IT  WILL  DISAPPEAR  AT  3FIN  TIME. 

THE  FOLLOWING  RUN  STREAM  SHOULD  BE  USED: 

1 .  SPUN, . . . 

2.  3ASG,A  CSSG»R1LIB. 

3.  3ASG,CP  (YOUR  QUALI FI ER»FI LENAME > 

4.  aUSE  7., (YOUR  QUALI F I ER*F I LENAME ) . 

5.  9XQT  CSSG«R1LIB. RXFIRES 

IF  YOU  DID  NOT  FOLLOW  THE  ABOVE  PROCEDURE,  ENTER  'STOP' 
AND  TRY  AGAIN.   ENTER  CARRIAGE  RETURN  TO  CONTINUE. 


...INCLUDE  THE  DECIMAL  POINT... 
.  AR  1234567898.  DAYS. 


>15.  NE  1 . 

>53.  GT  47.  4. 

> 

5.  OUTPUT  LEVEL. 

ENTER  1 . ,  2. ,  OR  3. 
>3. 

5.1  INCHES  OF  PRECIPITATION. 

ENTER  INCHES  OF  RAlrj  REQUIRED  TO  EXTINGUISH  FIRE. 
...INCLUDE  THE  DECIMAL  POINT... 

>0.45 

5.2  FIRE  CASE  HISTORY  VARIABLES. 

ENTER  FROM  8.  TO  12.  VARIABLE  CODES  TO  BE  PRINTED 
IN  THE  INDIVIDUAL  MANAGEMENT  FIRE  CASE  HISTORIES. 

ENTER  UNDER  COLUMNS  HEADED  "81."  TO  "12.". 

...INCLUDE  THE  DECIMAL  POINT... 

81.  82.  03.  04.  05.  86.  87.  88.  89.  19.  11.  12. 

>88.  89.  14.  19.  22.  23.  51.  52.  S3.  56. 


PROCEDURE  TO  ACCESS  AND  RUN  PROGRAM  RXFIRES2 

»»#»#»*»***»*♦**«»»******»»♦*»#»»»•♦-♦♦»»**»#••****♦*•*»•»»»« 

TO  SUBMIT  THE  NEWLY  CREATED  RXFIRES  DIRECTIVE  FILE, 
YOU  MUST  ASSIGN  AND  USE  THE  FOLLOWING  FILES: 

1.  SASG.A  THE  RXFIRES  DIRECTIVE  FILE  YOU  JUST  CREATED  BY  THIS 

PROGRAM. 

2.  3ASG,A  FIRE  REPORT  FILE  CREATED  BY  RXBUILD  AND  RxeUILD2. 

3.  SASG.A  FIRE  WEATHER  FILE  CREATED  BY  RXBUILD  AND  RXBUILD2. 


5.3   FIRE  LOAD  SUMMARY  TABLE  DATES 

ENTER  DATES  TO  BE  USED  IN  FIRE  LOAD  SUMMARY  TABLE. 
ENTER  DATES  AND  YEARS  UNDER  APPROPRIATE  COLUMNS 
...INCLUDE  THE  DECIMAL  POINT... 

FIRST  LAST   FIRST  LAST. 
MMDD.  MMDD.  YEAR.  YEAR. 


>e60I.  8920.  1978.  1989. 


Exhibit  4.— Sample  Program  RXFIRES  Data  Entry  Session. 
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END  PROGRAM  CSSG»R1 LI B . RXF I  RES         DATE:e62283     TIME:111313 
>SFIN 


RUNID:  S22CDB    ACCT ;  1122314412      PROJECT:  SEMLIB 


»»»»»  DISPLAYED  LOG  ENTRY  SECTION 
1  1  :13i23         S22CDB  FIN 


RESOURCE  UTILIZATION  SECTION  ♦»« 


I 


RESOURCE 

AVG 

TIME          CPU           10 

CCER       SIZE 

ee:ee :ee .9e4  ee:ee 

ee.2ei  ee-.ee-.d 

e.935  86:96:06.685    4K   SUMMARr 

IMAGES   READ;    24 

PAGES: 

5 

START:     11:07:91 

JUN  22,1983 

FIN:   11:13:23  JUN  22,1983 

t»»»  COST  SECTION  ««»»• 

CHARGES  BASED  ON 

DEMAND  RUN 

RT   (teei .35/MIN) 

teeeeee  .62 

CPU  (♦e92.88/MIN) 

teeeeee.ee 

I  0   (»0ei  .50/MIN) 

*e9eeee.e2 

CCER<t882.88/MIN) 

♦eeeaee  .29 

CONNECT  TIME  CHARGE:  te868ee.64 
ESTIMATED  TOTAL  COST :»000860 . 97 


•TERMINAL  INACTIVE* 
> 


Exhibit  4.— (con.) 


'. 
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3'9z 


Date  ^"V^  RXFIRES  INPUT  WORKSHEET 

SHEET  NO.  1  —  RUN  IDENTIFICATION 

1.  RUN  NAME. 

2.  USER  NAME. 

3.  EXCLUSION  CRITERIA.   (Use  Sheet  No.  2) 

4.  FIRE  SUPPRESSION  CRITERIA.  (Use  Sheet  No.  3) 


5.    OUTPUT  LEVEL. 


5.1   INCHES  OF  PRECIPITATION. 


5.2   FIRE  CASE  HISTORY  VARIABLES. 


3^ 


0  1.   0  2.   0  3.   0  4.   0  5.   0  6.   0  7.   0  8.   0  9.   10.   1  1.   12, 


?^S^tLJS^2A.2yiL^^^ 


5.3   FIRE  LOAD  SUMMARY  TABLE  DATES.  First   Last    First   Last 

MMDD.   MMDD.   YEAR.   YEAR. 


CC^OI.  6120.  I^TO.  lf8(L 


Page 


/      cf^ 


Exhibit  5a.— Sample  RXFIRES  Input  Worksheet  No.  1,  Run  Identification. 
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Date 


J-/2- 


RXFIRES  INPUT  WORKSHEET 


SHEET  NO.  2  —  FIRE  EXCLUSION  CRITERIA 
EXCLUDE  FIRES  IF: 


3.1 

VARIABLE 
_CODE 


3.2 

ARITHMETIC 

ARGUMENT 

jrt 


3.3 
VALUE  CODE 


^_£XCUUtC  ^Ur  ^f^^^^S_ 


EkCSPT': 


3.4 
VARIABLE  NAME 


'bisfiticr 


Page 


^C.  of  ^ 


3.5 

VARIABLE 
MEASURE 


Exhibit  5b.— Sample  RXFIRES  Input  Worksheet  No.  2,  Fire  Exclusion  Criteria. 
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Date 


S-8Z. 


RXFIRES  INPUT  WORKSHEET 


SHEET  NO.  3  ~  FIRE  SUPPRESSION  CRITERIA 
SUPPRESS  FIRES  IF: 


4.1 
VARIABLE 
CODE 


4.2 

ARITHMETIC 

ARGUMENT 


4.3 
VALUE  CODE 


53^     ^r 


Ml 


4.4 

PREVIEW 

DAYS 


4.5 
VARIABLE  NAME 

CMSI 


4.6 
VARIABLE 
MEASURE 


itj_       £^C        ^BFiRcr/mLfS, 


Page 


^o^ 


Exhibit  5c.— Sample  RXFIRES  Input  Worksheet  No.  3,  Fire  Suppression 
Criteria. 
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RXFIRES  Batch  Processing 

Program  CSSG*R1LIB.RXBUILD  creates  a  directive 
file  (qual*rxfires-dir.)  that  must  be  @ADD'ed  to  initiate 
batch  processing  of  CSSG*R1LIB.RXFIRES2  from  a 
DEMAND  terminal  (step  9,  table  1,  and  fig.  1).  Data 
files  assigned  to  the  run  include  the  fire  report  file 
(qual*firefile.)  and  fire-weather  file  (qual*weatherfile.) 
created  by  a  previous  RXBUILD  run. 

The  following  run  stream  is  used  to  initiate  RXFIRES 
batch  processing  from  a  DEMAND  terminal: 


Image 
No, 
1 
2 
3 
4 
5 
6 
7 


0  12  3  4 

1234567890  123456789  0  1234567890  1234567890 
©RUN,  ,  . 

A       qual'firefile. 

3,,qual'firefile. 

A   qual'weatherfile. 

8,quai'weatherfile. 

A   qual'rxfiresdir. 

P   qual'rxfires-dir. 


@ASG 
©USE 
©ASG 
©USE 
©ASG 
©ADD 
@F  I  N 


It  is  not  necessary  to  @ASG  the  Region  1  shared 
library  or  @XQT  the  executable  element  RXFIRES2 
because  these  steps  are  performed  dynamically  from  the 
RXFIRES  directive  file  (qual*rxfires-dir.). 

Programs  RXBUILD  and  RXFIRES  may  be  submit- 
ted for  batch  processing  in  tandem,  using  the  following 
run  stream: 


Image 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 


0  12  3  4 

1  234567890 1234567890  1 234567890 1234567890 
©RUN  ,  , 

NFOr  r  f  f  SPSS 'mrndd y y h hmms s , 
NFOr  f  f  f SPSS •mmddyyhhmmss . 


©ASG , A 
©USE     10 
@ASG , CP 
©USE       3 
©ASG.CP 
©USE       8 
©ASG , A 
©ADD , P 
@ASG , A 
©ADD , P 
@F  I  N 


qua 
.qua 
qua 
.qua 
qua 
qua 
qua 
qua 


f  I  r  e  f  I  I  e 

■  f  i  r  e  f  i  I  e  . 

■  we  a  t  he  r  f  i  I e 
"weather  file 
'rxbuild-dlr 

■  r  X  b  u  i  I  d 

■  r  X  f  i  r  e  s 

■  t  X  f  i  res 


■  d  i  r 

■  d  I  r 
•d  i  r 


, F40 / / / 800 


RXFIRES  Costs 

DEMAND  terminal  data  entry  using  program 
RXFIRES  takes  about  20  minutes  for  the  example  in 
exhibit  4.  Total  time  would  be  less  if  no  introductory  in- 
formation was  requested.  DEMAND  costs  for  the 
example  were  $0.38,  and  connect  time  charges  $0.89,  for 
a  total  cost  of  less  than  $2. 

Batch  processing  of  the  executable  element 
RXFIRES2  directive  file  (exhibit  5)  cost  $2.64  at  P 
priority. 
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